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On LIGHT, HEAT, and FIRE, continued. 


XK%>2ZXKHESE ſtones become hard by the long 
#f op heat they have endured, and become at the 

Fa ſame time ſpecifically heavier. From this 

pecifically r 

KEE circumſtance I have thought it neceſſary 
to draw an induction, which proves, and even fully 
confirms, that heat, although in appearance always 
fugitive and never ſtable in the bodies which it pene- 
trates, from which it ſeems conſtantly trying to 
quit, nevertheleſs, depoſits in a very ſtable manner 
many parts which fixes there even in a greater quan- 
tity, the aqueous and other parts which it has 
driven off. But what appears contrary, or at leaſt 
very difficult to be here reconciled is, that this 
ſame calcareous ſtone which becomes ſpecifically 
heavier by the action of a moderate heat a long 
time continued, becomes all at once near a halt 
lighter when it is ſubmitted to a fire great enough for 
its calcination, and that it, at the ſame time, loſes all 
the hardneſs it had acquired by the action of heat, 


but even its natural hardneſs, that is to ſay, the ad- 


herence of its conſtituting parts: a fingular * 
or 
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for which I refer the explanation to the following 
article, where I ſhall treat of air, water, and earth, 
becauſe it appeared to me to partake ſtill more of 
Nature in theſe three elements, than in that of 
fire. 

But this is the place to ſpeak of calcination gene- 
rally received; it is with reſpect to fixed and incom- 
buſtible bodies what combuſtion is for volatile and 
inflammable : calcination, like combuſtion, has 
need of the aſſiſtance of air; it operates ſo much the 
quicker, as it is furniſhed with a greater quantity of 
air; without that the fierceſt fire cannot calcine nor 
inflame any thing, except the matters which they 
contain in themſelves, and which ſupply in pro- 
portion as they burn or calcine, all the air neceſſary 
towards the combuſtion or calcination of ſubſtances 
with which they are mixed. This neceſſity for the 
concurrence of air in calcination as in combuſtion, 
indicates, that there are more things common be- 
tween them than has been ſuſpected. The applica- 
tion of fire is the principal of both; that of air is 
the ſecond cauſe, and almoſt as neceſſary as the firſt ; 
but theſe two cauſes are equally combined, accord- 
ing as they act in more or leſs time, and with more 
or leſs power on different ſubſtances. To reaſon 
juſtly, we muſt recall the effects of calcination, and 
compare them between themſelves and with thoſe of 
combuſtion. 

Combuſtion operates ſuddenly, and ſometimes 
inſtantaneoufly; calcination is always flower, 98 
ſometimes ſo long as to be thought impoſſible: 
proportion as matters are more incombuſtible, the 
calcination is the more flowly made: and when the 
conſtituent parts of a ſubſtance, ſuch as gold, are 
not only incombuſtible, but appear fo fixed as not 
to be volatilized, calcination produces no effect, 
however violent it may be. Calcination and com- 


buſtion, therefore, muſt be confidered as effects of 
the 
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the ſame claſs, whoſe two extremes ate delincated to 
us by phoſpnorus, which is the moſt inflammable of 
all bodies, and by gold, which is the moſt fixed and 
leaſt combuſtible. All ſubſtances compriſed between 
theſe two extremes, will be more or leſs ſubjected to 
the effects of combuſtion and calcination, according 
as they approach more or leſs theſe two extremes; 
inſomuch, that in the middle points there will be 
found ſubſtances which will endure an almoſt equal 
degree of combuſtion and calcination : from whence 
we may conclude, without being in danger of being 
deceived, that all calcination 1s always accompanied 
with a little combuſtion, and that likewiſe all 
combuſtion 18 accompanied with a little calcina- 
tion. Cinders, and other refidue of the moſt com- 
buſtible matters, do not they demonſtrate, that fire 
has calcined all the parts it has not burned, and, 
conſequently, a little calcination is found here with 
combuſtion? The little flame which raiſes from 
moſt matters that are calcined, does not it demon- 
ſtrate likewiſe, that a ſlight combuſtion is made? 
Thus, we muſt not ſeparate theſe two effe&ts, if we 
would lay hold of the reſults of the action of fire on 
the different ſubſtances to which it 1s applied. 

But it will be ſaid, combuſtion deſtroys bodies, or 
at leaſt always diminiſhes the volume or maſs, by 
reaſon of the quantity of matter it conſumes, Calci- 
nation often does the contrary, and increaſes the 
weight of a great number of matters. Muſt we 
from hence confider theſe two effects, whoſe reſults 
are ſo contrary, as effects of the ſame claſs * The 
objection appears founded, and deſerves an anſwer, 
ſo much the more as this is the moſt difficult point 
of the queſtion : nevertheleſs, I think I can anſwer 
it fully, Let us conſider a matter in which we ſhall 
ſuppoſe one half to be fixed parts, and the other vo- 
latile or combuſtible. By the application of fire, 
all theſe volatile or combuſtible parts will be raiſed 


up 
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up or burnt, and, conſequently, ſeparated from the 
whole maſs : from hence this maſs or quantity of 
matter will be found diminiſhed. one half, as we ſee 
it in calcareous ſtones which loſe near half their 
weight in the fire. But if we continue to apply the 
fire for a very long time to this half quite compoſed 
of fixed parts, is it not eaſy to conceive, that all 
combuſtion, all volatiliſation being ceaſed, this mat- 
ter, inſtead of continuing to loſe its maſs, muſt, on 
the contrary, acquire ſome by the expence of the 
air, and the fire with which it is penetrated 5 and 


thoſe which, like lead, do not loſe any thing, but 


gains by the application of fire, are matters already 
calcined, and prepared by Nature to the degree, 
where combuſtion ceaſes, and, conſequently, ſuſ- 
ceptible to augment the weight from the firſt mo- 
ment of the application. We have ſeen, that light 


_ extinguiſhes on the ſurface of all bodies which do 


not reflect; we have obſerved, that heat, by its 
long reſidence, fixes partly in the matters which it 
penetrates : we know, that the air, almoſt as neceſ- 
ſary for calcination or combuſtion, and always fo 
much the more neceſſary for calcination as matters 
have more fixity in the external parts of bodies, and 
becomes a conſtituent part: hence, is it not very 
natural to imagine, that this augmentation of weight 
proceeds only from the addition of the particles of 
light, heat, and air, which are at length fixed and 
united to one matter, „gainſt which they have made 
ſo many efforts, without being able either to raiſe 


them up or burn them? This is ſo true, that when 


we afterwards preſent a combuſtible ſubſtance, with 
which they have much more analogy, or rather 
conformity of Nature, they will greedily lay hold 
of it, quit the fixed matter, to which they were on- 
ly, as I may fay, attached through force ; retake, 
conſequently, their natural motion, their elaſticity, 
their volatility, and all depart with the combuſtible 

matter, 


— 
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matter, to which they are juſt joined: from hence, 
metal, or calcinized matter, to which theſe volatile 
parts has been rendered, that which it had loſt by 
combuſtion, re- takes its priſtine form, and its weight 
is found diminiſhed from the whole quantity of flery 
and airy particles which were fixed in it, and which 
had been juſt raiſed by this new combuſtion. All 
this is performed by the ſole law of affinities; and 
after what has been ſaid, there ſeems to me to be no 
more difficulty to conceive how the lime of a me- 
tal is reduced, than to underſtand how it is precipi- 
tated in diflolution : the cauſe is the ſame, and the 
effects are fimilar. A metal diſſolved by an acid, 
will precipitate when to this acid another ſubſtance 
is offered with which it has more affinity than metal, 
the acid then quits, it and falls to the bottom. So, 
likewiſe, this metal calcines; that is to ſay, is load- 
ed with parts of air, heat, and fire, which being 
fixed, keeps it under the form of a lime, will pre- 
cipitate, or if you chuſe, will be reduced when pre- 
ſented to this fire and fixed air, from the combuſti- 
ble matters with which they have more affinity than 
with the metal, which will re-take its firit form as 
ſoon as it ſhall be diſembarraſſed from this ſuperflu- 
ous air and fire, and that it will have re-taken, at 
the expence of the combuſtible matters offered to it, 
the volatile parts it had loſt. 

This explanation appeared ſo ſimple and ſo clear 
to me, that I cannot perceive what can be oppoſed 
to it; the obſcurity of chemiſtry. proceeds ig great 
meaſure, becauſe the principles have been but little 
generalized, and have not been united to thoſe of 
phyfic. Chemiſts have adopted the affinities with- 
out comprehending them; that is to ſay, without 
underſtanding the conne&ion of the cauſe to the ef- 
fect, which, nevertheleſs; is no other than that 
univerſal attraction ; they have created their 
phlogiſton without knowing what it is, al- 
Vor. V. B though 
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though it is fixed air and fire : they have formed 
in proportion as they have had need, of ideal things, 
mmnera/izers, mercurial earths, names and terms as 
much more vague as the acceptation is general, I 
dare ſay, that M. Macquer, and M. de Morveaux, 
are the firſt of our chemiſts who have began to ſpeak 
French : this ſcience, therefore, begins to increaſe 
ſince they began to ſpeak, and they will fpeak fo 
much the better, and they will be the more caſily 
underſtlood, as moſt of the technical words ſhall be 
baniſhed, as they ſhall renounce all the little ſecon- 
dary principles drawn from method; as we ſhall be 
the more occupied to deduce them from the general 


principles of rational mechaniſm; and as we ſhall 


endeavour with greater care to bring them back to 
the laws of Nature, and that they more willingly ſa— 
crifice the convenience of explaining, in a precari- 
ous manner, and according to art, the phænomena 
of the compoſition or decompoſition of ſubſtances to 
the difficulty of preſenting them for ſuch as the 


are, that is to ſay, for particular effects depending 


on gencral ones, which are the only true cauſes, the 
only real principles to which we muſt adhere if we 
would advance the ſcience of natural philoſophy. 

I think I have demonſtrated, that all the little 
laws of chemical affinities, which appeared ſo varia- 
ble and ſo different among themſelves, are, how- 
ever, no other than the general law of the attraction 
common to all matter. That this great law, always 
conſtant and the ſame, appeared only to vary by it 
expreſſion, which cannot be the ſame when the fi- 
gure of bodies enters, like an element, into their 
diſtance, With this new key we can unlock the 
molt profound ſecrets of Nature; we can attain the 


| knowledge of the figure of the primitive parts of dif- 


ferent ſubſtances; aſſign the laws and degrees of 
their aſfinities; determine the forms which they 
take by re-uniting, &c. I think alſo, I have made 


eU ir 
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it underſtood how impulſion depends on attraction; 
and that, although it may be conſidered as a different 
force, it is, notwithſtanding, a particular effect of 
this ſole and general force. I have repreſented the 
communication of motion as impoſſible any other- 
wiſe than by a ſpring, from whence I have con- 
cluded, that all bodies in Nature are more or leſs 
elaſtic, and that there is not one perfectly hard; 
that is to ſay, entirely deprived of a ſpring, fince all 
are ſuſceptible of receiving motion. I have endea- 
voured to ſhew how this le force may change di- 
rection, and the attraction become at once repulſive; 
and from theſe oppofite principles, which are all found- 
ed on rational mechanics, I have endeavoured to de- 
duce the principal operations of Nature, ſuch as the 
production of light, heat, fire, and their action on 
different ſubſtances: this laſt object which intereſts 
us the moſt in a vaſt field, the cultivating of 
which ſuppoſes more than an age, and of which I 
can only cultivate a little ſpot, by putting into more 
capable and laborious hands the inſtrument I made 
uſe of. Theſe inſtruments are the three modes of 
making uſe of fire by its velocity, its volume, and 
its maſs; by applying it concurrently to the three 
clafſes of ſubſtances, which all either loſe or gain by 
the application of fire. The experiments which I 
have made on the cooling of bodies, on the real 
weight of fire, on the nature of flame, on the pro- 
greſs of heat, on its communication, deperdition, 
concentration, and its violent action without flame, 
&c. are alſo ſo many inſtruments which will ſpare 
thoſe much labour who will make uſe of them, and 


will produce a very ample fund of uſeful know: 
ledge, 
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E have ſeen that air is the neceſſary, adminicle, 
and the firſt food of fire, which can neither 


ſubſiſt nor propagate, nor augment itſelf but as much 


as it aſhmilates, conſumes, or carries it off; where- 
as, of all material ſubſtances, the air is, on the con- 
trary, that, which appears to exiſt the moſt indepen- 
dently, and ſubiift the eaſieſt and moſt conſtant, with- 
out the aid or the preſence of fire; for, although it 
habitually has nearly the ſame heat as the reſt of the 
matters on the ſurface of the earth, it can do with- 
out it, and it requires infinitely leſs than all the reſt 
to ſupport its fluidity, ſince the moſt exceſſive cold, 
whether natural or artificial, does not make it loſe 
any thing of its nature; that the ſtrongeſt condenſa- 
tions are not capable of breaking its ſpring; that 
the active fire, or rather actually in exerciſe on com- 
buſtible matters, is the only agent which can alter 
its nature by rarefying it; that is to ſay, by weaken- 
ing it, and extending its ſpring to the point of ren- 
dering it ineffectual, and of thus deſtroying its elaſti- 
city. In this ſtate of 100 great expanſion and ex- 
treme weakneſs of its ſpring, and in all the links 
which precede this ſtate, the air is capable of re- 
aſſuming its claſticity, in proportion as the vapours 
of combuſtible matters which had weakened it, eva- 
porate and ſeparate. from it. But if the ſpring has 
been totally weakened, and fo prodigiouſly extend- 
ed, that it cannot bind nor Te-inftate itſelf, havin 

loft all its elaſtic power, the air of the volatile part 
which was before a fixed ſubſtance that incorpo- 
rate with other ſubſtances, and makes a conſtituent 


pare 
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part of all thoſe to which it unites by contact, or in 
which it penetrates by the aſſiſtance of heat. Under 
this new torm it can no longer forſake the fire, but 
to unite like fixed matter to other fixed matters ; and 
if there remains ſome parts inſeparable from fire, 
they then make a portion of this element ſerve it 
for a baſe, and are depoſited with it in the ſubſtance 
they heat and penetrate together. This effect, which 
is manifeſted in all calcinations, is ſo much the more 
certain, and ſo much the more ſenfible as the 
heat is longer. Combuſtion detnands but a little 
time to do the ſame completely, whereas all calcina- 
tion ſuppoſes much time ; to accelerate it, we muſt 
bring it to the ſurface ; that is to ſay, preſent 
ſucceſſively to the air; matters we would calcine, thoſe 
we muſt melt or divide them into impalpable parts, 
in order to offer a greater ſuperficies to this air, we 
muſt even make oh of bellows, not ſo much to aug- 
ment the heat of the fire, as to eſtabliſh a current 
of air on the ſurface of matters, if we would haſten their 
calcination; and to complete it with all theſe modes, 
much time is often required; from whence we muſt 
conclude, that there is alſo a pretty long refidence 
of the air become fixed in the terreſtrial ſubſtances to 
eſtabliſh its ſtay under this new form, 

But it is not neceſſary for the fire to be very fierce 
todepriveair of its elaſticity: the leaſt fire, and even a 
very moderate heat, when it is immediately and con- 
ſtantly applied on a ſmall quantity of air, is ſufficient 
to deſtroy the ſpring ; and for this air, without ſpring, 
to fix itſelf afterwards in bodies, there is only a little 
more, or a little leſs time required, according to the 
greater or leſſer affinity it may have under this new 
Form with the matters to which it unites, The heat 
of the body of animals, and even of vegetables, is 
ſtill powerful enough to produce this effect: the 
degrees of heat are different in different kinds of ani- 
mals ; and, to begin with birds, which are the hot- 


teſt 
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teſt of any, we paſs ſucceſhvely to quadrupedes, man, 
and to cetaceous animals, which are leſs ſo; to rep- 
tiles, fiſh, and infects, which are till leſs; and at 
laſt to vegetables, whoſe heat is ſo trifling, as to 
have made ſome naturaliſts declare them to have none 
at all, although it is very real, and in winter ſur— 
paſles that of the atmoſphere. I have obſerved on 
a great number of trees cut in cold weather, that 
their internal part was very ſenfibly warm, and that 
this warmth remained for many minutes after they 
had been cut down. It is not the violent motion of 
the wedge, or the reiterated and briſk friction of the 
ſaw, which alone produced this warmth ; for in af- 
terwards ſlitting this wood with wedges, I have ob- 
ſerved, that it was but hot to two or three feet diſ- 


| tance from the part where the wedges had been 


placed, and that, conſequently, it had a degree of 
heat pretty ſenſible in all its internal part. This heat 
is only very moderate while the tree is young and 
ſound ; but as ſoon as it grows old, the heart heats 
by the fermentation of the pith, which no longer 
circulates there with the fame freedom. This part 
of the center receives 1n heating a red tint, which is 
the firſt index of the periſhing ſtate of the tree, and 
the diſorganization of the wood. I have many 
pieces in this ſtate which were as hot as if they were 
heated by the fire. If naturaliſts have not found, 
that there was any difference between the tempera- 
ture of the air and the heat of vegetables, it is be- 
cauſe they have made their obſervations at a bad 
time of the year, and have not paid attention, that 
in the ſummer the heat of the air is as great and 
greater than that of the internal part of a tree ; 
whereas, in winter, it is quite the contrary : they 
have not remembered that the roots have conſtantly 
at leaſt the degree of heat which ſurrounds them; and 
that this heat of the internal part of the earth is 
during all winter conſiderably greater than that of 


the 
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the air, and the ſurface of the earth cooled by the 
air: they are not recalled, but the rays of the ſun 
falling too briſkly on the leaves and other delicate 


parts of vegetables, not only heats, but burns them; 


that they heat likewiſe to a very great degree the 
bark and wood, the ſurface of which they penetrate 
and, which they extinguiſh and fix. They did not 
imagine, that the motion alone of the pith, already 
warm, is a neceſſary cauſe of heat; and that this 
motion, increafing by the action of the ſun, or by an 
external heat, that of vegetables muſt be ſo much 
the greater as the motion of their pith 1s more acce- 
lerated, &c, I do not inſiſt ſo long on this point, 
than for the cauſe of its importance; the unifgrmity 
of Nature's plan would be violated, if, having grant- 
ed to every animal a degree of heat ſuperior to that 
of inanimate matters, it had refuſed it to vegetables, 
which, like animals, have their kind of life. 

But here the air contributes ſtill to the animal and 
vital heat, as we have ſeen that it contributes to the 
action of fire in the combuſtion and calcination of 
combuſtible and calcinable matters. Animals, which 
have changes, and which, conſequently, reſpire air, 
have always more heat than thoſe which are deprived 
of it; and the more the internal ſurface of the lungs 
1s extended and ramified in a greater number of cells, 
the more, in one word, it preſents a greater ſuperfi- 
cies to the air which the animal draws by inſpira- 
tion ; the more allo its blood becomes hotter, and 
the more it communicates heat to all parts of the 
body it nouriſhes, and this proportion takes place 
in all known animals. Birds, relatively to the vo- 
lume of their body, have lungs confiderably more 
extended than man or quadrupedes. Reptiles, even 
thoſe which have a voice, as frogs, have inſtead of 
lungs a ſimple bladder. Inſects which have little or 
no blood, pump the air only by ſome pipes, &c. 
Thus, by taking the degree of the temperature of the 
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earth for the term of compariſon, I have obſerved, 
that this heat being ſuppoſed ten degrees, that of 
birds was nearly thirty-three, that of ſome quadru- 
pedes more than thirty-one and a half, that of man 


thirty and a half, or thirty-one ; whereas, that of 


frogs 1s only fifteen or fixteen, that of fiſhes and in- 
ſects eleven or twelve; that is to ſay, the leaſt of all, 
and very nearly the ſame as that of vegetables. 
Thus the degree of heat in man and animals, de- 
pends on the force and extent of the lungs : theſe 


are the bellows of the animal machine; they ſupport. 


and augment the fire according as they are the more 
or leſs powerful, and their motion more or leſs 
ready. The only difficulty is to conceive how theſe 
kinds of bellows (whoſe conſtruction is as ſuperior 
to that of our common bellows as Nature is beyond 
art) may carry the air on the fire which animates us: 
a fire, whoſe focus ſeems to be indeterminate ; a fire 


that has not even been qualified with this name, be- 


cauſe it 1s without flame, without any apparent 
ſmoke, and its heat only very moderate and 
uniform. However, if we conſider that heat 
and fire are the effects, and even the elements of the 
fame claſs : if we recollect, that heat rarefies air, 
and that, by extending its ſpring, it may weaken 


it to the point of rendering it without effect. We 


may imagine, that this air drawn by our lungs rare- 
fy greatly there, muſt loſe its ſpring in the bronchia 
and little veſicles where it can penetrate only in a 
very ſmall volume, and in bubbles whoſe ſpring is al- 
ready very extended, will be ſoon deſtroyed by the 
arterial and venous blood; for theſe blood veſſels 
are not ſeparated from the pulmonary veficles which 
receive the air, but by ſuch thin diviſions, that they 
eaſily ſuffer this air to paſs into the blood, where it 
cannot fail of producing the ſame effect as upon 
common fire ; becauſe the degree of the heat of this 
blood is more than ſufficient to deſtroy entirely the 


elaſticity 
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elaſticity of the particles of air, fixes and drags them 
under this new form into all the roads of circulation. 
The fire of the animal body does not differ from the 
common fire much, excepting the degree of heat is 
leſs : from hence there is no flame, becauſe the va- 
pours which are raiſed up, and which repreſent the 
ſmoke of this fire, have not heat enough to inflame 
or become ardent; and that being, befides, mixed 
with many humid parts which they take up with 
them, theſe vapours, or this ſmoke, can neither 
light nor burn, every other effect is abſolutely the 
ſame : the reſpiration of a young animal abſorbs as 
much air as the light of a candle: in cloſed veſſels, 
of equal capacities, the animal dies in the ſame 
time as the candle extinguiſhes : nothing can more 
evidently demonſtrate, that the fire of the animal 
and that of the candle, or of every other lighted 
combuſtible matter, are not only fires of the ſame 
claſs, but of one and the ſame nature, to which the 
aſſiſtance of the air is equally neceſſary, and which 
both appropriate in the ſame manner, abſorb it 
like food, and carry it with them in their road, where 
they depoſit it under a fixed form in the ſubſtances 
which they penetrate. - 

Vegetables and moſt inſects have in the room of 
lungs, only aſpiratory tubes or pipes, a kind of 
trachea's by which they pump up the air which is 
neceſſary for them; it is ſeen to pals in very ſenſible 
balls into the pith of the vine; it is not only pump- 
ed up by the roots, but often even by the leaves; 
it forms a part, and a very eſſential part, of the food 
of the vegetable which aſſimilates, fixes, and pre- 
ſerves it. The little degree of vegetable heat, 
joined to that of the ſun's heat, is ſufficient to de- 
ſtroy the ſpring of the air contained in the pith, 
eſpecially when this air which has not been admitted 
into the body of the plant, nor arrived at the pith, 


till after having paſſed through very narrow pipes, 
Vol. V. C | is 
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is found divided into particles almoſt as infinitely 
ſmall, and the leaſt degree of heat ſuffices to fix 


them. Experience fully confirms all what I have 


juſt advanced. Animal and vegetable matters all 
contain a very great quantity of this fixed air; and 
it is in this wherein conſiſts all the principles of their 
inflammability, All combuſtible matters contain 
much air; all animals and vegetables; all their 
parts, and all their waſte, all the matters which 
proceed therefrom, and all the ſubſtances or the 
waſte found mixed therewith, contains more or leſs 
fixed air; and the greateſt part alſo includes a cer- 
tain quantity of elaſtic air. We cannot doubt of 
theſe particulars, the certainty of which is evinced 
by the great experiments of Dr. Hales, the due va- 
lue of which chemiſts appear to me not to have pro- 
perly ſet, or elſe they would a long time ago have 
diſcovered, that fixed air muſt take great part 
of the place of their phlogiſton, nor would they 
have adopted this new term which anſwers no 
preciſe idea, nor fixed the baſis of all their explana- 
tions from chemical phænomena, they would not 
have given it for an identical matter always the 
ſame, ſince it is compoſed of air and fire, ſometimes 
in a fixed ſtate, and ſometimes in that of a great vo- 
latility; and thoſe among them who have regarded 
the phlogiſton as the produce of elementary fire, or 
light, are leſs remote from the truth, becauſe fire or 
light produces, with the affiſtance of air, all the 
effects of phlogiſton. 

Minerals, which like ſulphur and pyrites contain 
in their ſubſtance a greater or leſs quantity of the ul- 


terior waſte of animals and vegetables, include 


from thence combuſtible matters, which, like all 
the reſt, contain more or leſs fixed air, but always 
much leſs than the purely animal or vegetable ſub- 
ſtances. We can alſo drive from them this fixed air 
by combaſticn ; we may alſo diſengage by the _— 

8 0 
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of efferveſcence ; and in animal and vegetable mat- 
ters, it is diſengaged by fimple fermentation, which, 
like combuſtion, has always need of air for its 
operation. This agrees ſo perfectly with experience, 
that I imagine it not neceſſary to 1nfiſt on the proof 
of facts. I ſhall content myſelf with abſerving, that 
ſulphurs and pyrites are not the only minerals which 
muſt be looked upon as combuſtible ; that there are 
many others of which I ſhall not here enume- 
rate, becauſe it is ſufficient to ſay, that their de- 
gree of combuſtibility depends commonly on the 
quantity of ſulphur which they contain, All com- 
buſtible minerals, therefore, originally derive this 
property either from the mixture of animal or veget- 
able parts which are incorporated with them, or 
from the particles of light, heat, and air, which by 
the lapſe of time are fixed in their internal part. 
Nothing, according to my opinion, is combuſtible, 
but that which has been formed by a gentle heat; 
that is to ſay, by theſe ſame elements combined in 
all the ſubſtances which the fun brightens and vivi- 
fies, or in that which the internal heat of the earth 
foments and unites. 

It is this internal heat of the globe of the earth 
that we muſt look upon as the true elementary fire; 
and we muſt diſtinguiſh it from that of the ſun 
which comes to us only with light; whereas, the 
other, although much more conſiderable, is com- 
monly under the form of an obſcure heat; and 
it is only in ſome circumſtances, as. thoſe of electri- 
city, that it receives light. We have already ob- 
ſerved, that this heat, taking for a whole year, and 
during a great number of years ſucceſhvely, is three 
or four hundred times greater than the ſum of the 
heat which comes to us (cha the ſun during the ſame 
time: it is a truth which may appear ſingular, but 
which is not evidently demonſtrated. As we have” 
ſpoken onthis ſubject, we ſhall content ourſelves here 


with 
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with remarking, that this conſtant, and always ſub- 
fiſting heat, enters like an element into all the com- 
binations of the other elements, and that it is more 
than ſufficient to produce the ſame effects on air as 
actual fire on animal heat; that, conſequently, this 
internal heat of the earth will deſtroy: the elaſticity 
of the air, and will fix it every time ; that being di- 
vided into very minute parts, it ſhall be found 
ſeized by this heat in. the bowels of the earth; that 
under this new form it will enter as a fixed part into 
a great number of ſubſtances, which will from hence 
contain the particles of fixed air and fire, which are 
the firſt principles of combuſtibility : but they will 
be found in a greater or leſs quantity in different ſub- 
ſtances according to the degree of affinity that they 
will have with them, and this degree will depend 
much on the quantity that theſe ſubſlances ſhall con- 
tain of animal and vegetable parts, which appear to 
be the baſe of all combuſtible matter. If they are 
abundantly diffuſed therein, and weakly incorpo- 
rated, we may always diſengage them from theſe 
ſubſtances by the mode of combuſtion. Moſt of the 
metallic minerals, and even metals, contain a ſuffi- 
cient great quantity of combuſtible parts; zink, 
antimony, iron, copper, &c. burn and produce an 
evident and very briſk flame, as long as the com- 
buttion of theſe inflammable parts remain, after 
which, if the fire is continued, the combuſtion fi- 
niſhes, and the calcination begins, during which 
there enters into theſe matters new parts of air and 
heat which fixes there, and which cannot be diſen- 
gaged but by offering them ſome combuſtible mat- 
ter withwwhich theſe parts of fixed air and heat have 
a greater affinity than with thoſe of the mineral, with 
which, in fact, they are only united by ſtrength; 
that 1s to ſay, by the effort of calcination. It ſeems 
to me, that the converſion of metallic ſubſtances into 
droſs, and their reduction might now be very clear- 


ly 
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ly underſtood, without the need of running to 
ſecondary principles or arbitrary hypotheſis's 
for their explanation. The reduction, as I have 
already inſinuated, is in reality only a ſecond con- 
traction, by which the parts of the air are diſengaged, 
and heat fixed, which calcination had forced to enter 
into the metal, and of uniting itſelf with its fixed 
ſubſtance, to which, at the ſame time, is rendered 
the volatile and combuſtible parts that the firſt action 
of the fire had taken away. | 

After having preſented the action of fixed air in 
the moſt ſecret operations of nature, let us confider 
it for a few moments when it reſides in bodies under 
an elaſtic form: its effects are then as variable as 
the degrees of its elaſticity; its action, though 
always the ſame, ſeems to give different products in 
different ſubſtances. To bring this conſideration 
back to a point of general view, we will compare it 
with water and earth, as we have already compared 
it with fire; the reſults of this compariſon between 
the four elements will afterwards be eaſily applied to 
every ſubſtance, of whatever nature they may be of, 
ſince they are all only compoſed of theſe four real 
principles. | 

The greateſt cold that is known, cannot deſtroy 
the ſpring of the air, and the leaſt heat is ſufficient 
for that purpoſe, eſpecially when this fluid is divided 
into very minute parts. But it muſt be obſerved, 
that between its ſtate of fixity, and that of its perfect 
elaſticity, there 1s all the links of the mediate ſtates, 
and that it almoſt always is in ſome one of theſe 
mediare ſtates, that it reſides in earth and water, and 
all the ſubſtances which are compoſed of them ; for 
example, it cannot be doubted but that water, 
which appears to us fo ſimple a ſubſtance, contains 
a certain quantity of air, which is neither fixed nor 
elaſtic, but that fixity and elaſticity enters it, if we 
conſider the different phænomena which it preſents us 


IN 
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in its congelation, ebullition, and its reſiſtance to all 
compreſſion, &c. for experimental phyſic demon- 
ſtrates to us, that water is incompreſſible, inſtead of 
ſhrinking and entering into itſelf when preſſed, it 
paſſes through the moſt ſolid and the thickeſt veſſels. 
Now, if the air which it contained in a pretty large 
quantity, was in its ſtate of full elaſticity therein, 
water would be compreſſible, by reaſon of this quan- 
tity of elaſtic air, which it contains, and which it 
compreſles ; the air contained therefore in water, is 
not ſimply mixed therewith, and is not perceived 
then in its elaſtic form, but it is more intimately 
united there in a ſtate where its ſpring 1s not exerciſed 
in a ſenſible manner; yet this ſpring is not entirely 
deſtroyed there, for if we expoſe water to congelation, 
we ſee this air iſſue from its internal part, and unite 
on its turface in elaſtic bubbles. This alone ſuffices to 
prove, that air is not contained in water under its 
common form, ſince being ſpecifically eight hundred 
and fifty times lighter, it would be forced to Hue 
ut by the fole neceſſity of the preponderance of 
water. It is therefore evident, that the air contained 
in water, is not in its common ſtate therein; that is 
to ſay, of full elaſticity, and at the ſame time it is 
demonſtrable, that this ſtate in which it reſides in 
water, is not that of its greateſt fixity, or its ſprir 

abſolutely deſtroyed, cannot be eſtabliſhed but b 

combuſtion, ſince heat or cold may be alike eftablith- 
ed. It is ſufficient to congeal water for the air it con- 
tains to re- take its elaſticity, and riſe up in ſenſible 
bubbles to its ſurface ; it diſengages itſelf likewiſe, 
when the water ceaſes from being preſſed by the 
weight of the atmoſphere under the recipient of the 
pneumatic machine; it is not therefore contained in 
water under affixed form, but only in a medium fate, 
where it can eafily re-take its ſpring : it is not imp] 

mixed in water, ſince it cannot refide there under 
its elaſtic form, but alſo it is not intimately united 


with 


\ 
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with it under its fixed form, fince it ſeperates more 
eaſily than from every other matter. 

It may be objected, and with reaſon, that cold and 
heat have never operated in the ſame mode ; that if 
one of theſe cauſes renders air its elaſticity, the other 
muſt deftroy it, and I own that in general, cold and 
heat produce different effects. But in the particular 
ſubſtance that we thall contider theſe two cauſes, 

although oppoſite, produce the ſame effect. It may 
eaſily be conceived, by paying attention to the thin 
itſelf, and to the connection of its circumſtances. ſe 
is known that water, frozen or boiled, retakes the 
air it had loft as ſoon as it 1s Iiquified or cooled. The 
degree of affinity of air with water, depends there- 
fore in a great part from 1ts temperature ; this degree 
in its liquid ftate, is nearly the ſame as that of the 
general heat to the ſurface of the earth : the air with 
which it has much affinity penetrates it as ſoon as it 
is divided into ſmall parts, and the degree of elemen- 
tary and general heat, ſuffices to weaken the ſpring 


of theſe parts, to the point of rendering them inef- 


fectual, as long as the water preſerves this tempera- 
ture ; but if the cold penetrates it, or to ſpeak more 
preciſely, if this degree of heat, neceſſary to this 
ftate of the air diminiſhes, then its ſpring, which is 
Not entirely deſtroyed, will be re- eſtabliſhed by the 
cold, and we ſhall perceive the elaſtic bubbles riſe to 


the ſurface of the water ready to freeze ; if, on the - 


contrary, the temperature of the water 1s increaſed 
by an external heat, the integrant parts are too much 
divided, they are rendered volatile, and the air which 
was united with them but ſlightly riſes and eſcapes 
with them; for it muſt be recollected, that although 
water taken in a glaſs is incompreſſible and without 
any ſpring, it is very elaſtic as ſoon as it is divided 
or reduced into ſmall parts; and in this it appears 
to be of a nature contrary to that of the air, which is 
compreſſible but in a maſs, and which loſes its ſpring 


when 
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when it is too greatly divided. However, water and 
air have much greater connections between them than 
oppoſite properties, and as I am very well perſuaded, 
that all matter 1s convertible, and that the elements 
may be transformed, I ſhould be inclined to believe, 
that water can change itſelf into air when it is enough 
rarefied to raiſe itſelf up into vapours, for the ſpring 
of the vapour of the water is as, and even more power- 
ful than the ſpring of the air. We ſee the prodigi- 
ous effect of this power in fire pumps; we ſee the 
terrible exploſion that it produces, when melted me- 
tal falls on ſome drops of water, and if they do not 
chuſe to agree with me, that water in this ſtate of 
vapours is transformed into air, it cannot at leaſt be 

denied but that it then has the principal properties. 
Experience has even taught me that the vapours of 
water can increaſe the fire as common air does ; and 
this air, which we ſhould regard as pure, is always 
mixed with a very great quantity of water ; but it 
muſt be remarked as an important thing, that the 
roportions of the mixture is not nearly the ſame 
im theſe two elements. It may be faid in general, 
that there is much leſs air in water than water in air: 
it muſt be only conſidered that there is two different 
units, to which we might refer the terms of this pro- 
rtion, theſe two units are the volume and maſs. 
Frs eſtimate the quantity of air contained in water 
by the volume it will appear nil, ſince the volume 
of water is not at all increaſed; and the ſame like- 
wiſe, the more or leſs moift air does not appear to 
us to change the volume : this only happens when it 
is more or leſs hot. Thus, it is not to the volume that 
we muſt relate this proportion, it 1s alone to the maſs; 
that is to ſay, to the real quantity of matter in one 
and the other of theſe two elements, that we muſt 
compare that of their mixture, and we thall perceive 
that the air is much more aqueous than the water is 
#rial, perhaps in proportion of the maſs, that is to 
ſay, 
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ſay, eight hundred and fifty times more. Be this 
eſtimation as it will, which is perhaps either too 
ſtrong or too weak, we can derive this induction 
from it, that water muſt change more cafily into air, 
than air can transform into water. The parts of 
air, although ſuſceptible of being extremely divid- 
ed, appear larger than thoſe of water; fince this 
paſſes through many fibres, which air cannot pene- 
trate :. fince, when it is rarified by heat, its volume, 
although very much increaled, is only equal or a 
little leſs than that of the parts of air to the ſurface of 
the earth; for the vapours of water are only raiſed 
to a certain heigth in the air. In ſhort, ſince air 
ſeems to imbibe water like a ſpunge ; to contain it 
in a large quantuy, and that the container is cer- 
tainly greater than the contained. On the whole, 
air, which to readily imbibes water, ſeems likewiſe to 
be rendered back when ſalts or other ſubſtances with 
which water has a ſtill greater affinity are offered to it. 
The effect called by the chemiſts decantal ion, and even 
that of effcre/cence, not only demonſtrates that there is 
a very great quantity of water contained in air, but 
aiſo that this water is upheld there by a ſimple affinity, 
which cedes eatily to a ſtill greater aftinity, and 
which even ceaſes to act without being counterbal- 
anced or overcome by any -other athnity, except 
the refraction alone of the air; ſince it diſengages 
itielf from water, as iron as the weight of the at- 
moſphere ceaſes from preiling it, under the recipi- 
ent of the pncumatic machine. | 

In the order of the converſion of the elements, 
it appears that water 1s to air what air is to fire, 
and that all the transformations of nature depends on 
them: air like the food of fire aſſimilates with it, 
and is transformed into this firſt element. Water 
rarified by heat, 1s transformed into a kind of air 
capable of feeding rhe fire like common air. Thus, 


fire has a double fund of certain ſubſiſtence x if it 
Vol. V. D con- 
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conſumes much air, it can alſo produce much by 
the rarefaction of water, and thus repair in the maſs 
of atmoſphere all the quantity which it deſtroyed, 
while ulteriorly it converts itſelf with air into fixed 
matter in the terreſtial ſubſtances which it penetrates 
by its heat or by its light. And fo likewiſe as from 
one part water is converted into air or into vapours, 
as volatile as air by its rarefaction; it is converted 
into a ſolid ſubſtance by a kind of condenſation dif- 
ferent from common condenſations: every fluid is 
rarefied by heat, and condenſed by cold. Water it- 
ſelf follows this common law, and condenſes in pro- 
portion as it grows colder, Let a glaſs tube be filled 
three parts full, we ſhall find it deſcend in proportion 
as the cold increaſes and condenſes like all other fluids: 
but, ſome time before congelation, we ſhall ſee it 
aſcend above the point of three fourths of the height 
of the tube, and increaſe ſtill more conſiderably by 
being frozen; but if the tube is well ſtopped and 
perfectly at reſt, the water will continue to lower 
and will not freeze, although the degree of cold is 
fix, eight or ten degrees below the freezing point, 


nor will the water freeze when the tube is opened 


or ſhaken. It ſeems therefore that oongelation pre- 
ſents to us in an inverted manner the ſame pheno- 
mena as inflammation. However intenſe, however 
great a heat ſhut up in a well-cloſed veſlel is, it will 
not produce inflammation, but when it ſhall be 
touched with an inflamed matter, and ſo likewiſe to 
whatſoever degree a fluid is cooled, 1t will not 
freeze unleſs it touches ſomething already frozen, 


which is what happens when we ſhake or unſtop the 


tube. The particles of water which are frozen in 
the external air, or in the air contained in the tube, 
when it is ſhaken or unſtopped, ſtrikes the ſurface of 
the water and communicates their ice to it. In in- 
flammation, the air at firſt very much rarefied by 
heat, loſes its volume and fixes itſelf ſuddenly. In 

| COPD - 
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congelation, water at firſt condenſed by the cold, 
takes a larger volume, and fixes itſelf likewiſe; for 
ice is a ſolid ſubſtance lighter than water, and would 
preſerve its ſolidity if the cold was always the fame : 
and I am inclined to believe, that we ſhould attain 
the point of fixing mercury at a leſs degree of cold, 
by ſublimating it into vapours in a very cold air; fo 
likewiſe I am inclined to believe, that water, which 
only owes its liquidity to heat, and which loſes it 
with it, would become a ſubſtance much more ſolid 
and fuſible, as it would endure a ſtronger and a 
longer time the rigour of the cold. Experiments 
2 have not been made on this important ſub- 
ject. | 
But without topping on this idea, that is to ſay, 
without admitting or excluding the poſhbility of the 
converſion of the ice into infuſible matter, or fixed 
and ſolid earth, let us paſs on to more extenſive 
views on the modes Nature makes uſe of for the 
transformation of water. The moſt powerful and 
the moſt evident of all is the animal filter. The 
body of ſhell animals, by feeding on the particles 
of water, labours, at the fame time, on the ſub- 
ſtance to the point of unnaturalizing it. The ſhell 
is certainly a terreſtrial ſubſtance, a true ſtone, from 
which all the ſtones that the chemiſts call Calrareous, 
and many other matters, derive their origin. This 
ſhell, in fact, appears to make the conſtitutive part 
of the animal it covers, ſince it is perpetuated by 
generation ; and we ſee it on the ſmall ſhell animals 
juſt born, as on thoſe which have taken their full 

rowth: but this is no leſs a terreſtrial ſubſtance, 
tormed by the ſecretion or exudation of the body of 
the animal; it is ſeen to increaſe and thicken by 
rings and layers, in proportion as it grows ; and of- 
ten this ſtony matter exceeds fifty or ſixty times the 
maſs or real matter of the animal's body which pro- 


duces it, Let us for a moment repreſent the num- 
ber 
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ber of the kinds of ſhell animals; or, to compre- 
hend it better, of thoſe animals with a ſtony tranſu- 
dation; they, poſſibly, are more numerous in the 
ſea, than the inſect kind are upon earth. Let us af- 
terwards repreſent their full growth, their prodigt- 
ous multiplication, and the ſhortneſs of their life, 
which we*ſhall ſuppoſe to be ten years : let us after- 
wards confider, that we muſt multiply by fifty or 
fixty the almoſt immenſe number of all the indivi- 
duals of this claſs, to form an idea of all the ftony 
matter produced in ten years: let us at length con- 
fider, that this block, already ſo large with ſtony 
matter, mult be augmented with as many ſimilar 
blocks as there are as many times ten in all the ages 
from the beginning of the world; and we ſhall fami- 
liarize ourſelves by this idea, or at firft repulſive 
truth, that all our coral, all our rocks of calcareous. 
ſtone, marble, chalk, &c. proceed originally only 
from the caſt ofi coats of thoſe little animals. We 
cannot doubt, even by the inſpection of matters, 
that all contain ſhells, or the waſte of ſhells, "yy 
eaſily diſtinguiſhable. 

Calcarcous ſtones are, therefore, in a very great 
part only water and air contained in water, tranſ- 
formed by the animal filter. Salts, bitumen, oil, 
and the greaſe of the ſea, enter little or none into 
the compoſition of the ſhell. The calcareous ſtone 
alſo contains none of theſe matters: this ſtone is only 
water transformed, joined to ſome little portion of 
vitrifiable earth, and a very great quantity of fixed 
air, which is diſengaged therefrom by calcination, 
This operation produces the ſame effects on the 
thells taken in the ſea, as upon the ſhells drawn out 
of quarries : they both form lime, in which no other 
difference is remarked, than that of a little more or 
a little leſs quality, Lime wade with oyſter or other 
ſhells, is weaker than the lime that is made with hard 
ſtone ; but the proceſs of Nature is the ſame, as are 


the 
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the reſults of its operation. Shells and ſtones alike 
loſe nearly half their weight by the action of fire in 
calcination : the water which has preſerved its na- 
ture, iſſues the firſt, after which the fixed air is diſ- 
engaged; and then the fixed water, of which theſe 
ſtony ſubſtances are compoſed, retakes its firſt na- 
ture, and is elevated into vapours drove off and rare · 
fied by the fire, there remains only the moſt fixed 
parts of this air and water, which, perhaps, are ſo 
ſtrongly united in themſelves, and to the ſmall quan- 
tity of the fixed earth of the ſtone, that the fire can- 
not ſeparate them. The maſs finds itſelf, there- 
fore, reduced nearly an half, and would, perhaps, 
be reduced ſtill more, if a fiercer fire was given to it, 
And what appears evidently to prove to me, that 
this matter, driven out of the ſtone by the fire, is no- 
thing elſe than air and» water, is the rapidity, or 
avidity, with which this calcined ſtone drinks up the 

water given to it, and the force with which it draws 
it from the atmoſphere when it is refuſed it, Lime, 
by its extinction either in air or water, in a great 
meaſure regains the maſs it had loſt by calcination : 
the water, with the air it contains, replaces the wa- 
ter and the air it contained before ; the ſtone then 
retakes its firſt nature ; for in mixing lime with the 
remains of other ſtones, a mortar 1s made which 
hardens, and by time becomes a ſolid and ſtony ſub- 
ſtance, like thoſe from which it is compoſed, 

After this expoſition, I think we cannot doubt of 
the transformation of water into earth, or ſtone, by 
intermediate ſhells. Thus, then, we ſee on the one 
hand all the calcareous matters, the ofigin of which 
we muſt refer to animals ; and, on the other, all the 
combuſtible matters proceeding from animal or veget- 
able ſubſtances; they together occupy a great ſpace 
on the earth, and by their immenſe volume it may be 


judged how greatly living Nature has laboured for 
the 
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the dead ; for the/inanimate is in this place no other 
than dead matter, 

But calcareous matters and combuſtible ſubſtances, 
however great the number may be, only make a 
very {mall portion of the terreſtrial globe, the prin- 
cipal foundation of which, and the greater or great- 
eſt quantity conſiſts in one matter of the nature of 
glaſs; a matter we muſt look upon as a terreſtrial 
element, to the excluſion of all other ſubſtances to 
which it ſerves as a bale, like earth, when it forms 


vegetables by the means or remains of animals, and 


by the transformation of the other elements. Not 


only this firſt matter, which is the true elementary 


earth, ſerves as a baſe to every other ſubſtance, and 
conſtitutes the fixed parts thereof; but it is, at the 
ſame time, the ulterior term to which we can return 
or reduce them all. Before we preſent the means 
Nature and Art makes ute of to perform this kind 
of reduction of every ſubſtance into glaſs, that 1s to 
ſay, into elementary earth, it is right to ſearch whe- 
ther the modes we have indicated are the only ones 
by which water can be transformed into a ſolid 
ſubſtance : it appears, that the animal filter con- 
verting it into ſtone, the vegetable filter can alſo 
transform it, when all the circumſtances are found 
to be the ſame. The heat of ſhell animals being 
ſomewhat greater than that of vegetables, and the 
organs of life more powerful than thoſe of vegeta- 
tion, the vegetable cannot produce but a ſmall 
quantity of ſtones found often enough in its fruit; 
but it can and does convert really a great quantity 
of air, and a ſtill greater quantity of water into its 
ſubſtance. The fixed earth it appropriates, and 
which ſerves as a baſe to theſe two elements, is in fo 
ſmall a quantity, that we can aflert, without the leaſt 
fear of deceiving, that it docs not make the hun- 
dredth part of its maſs: hence, the vegetable is al- 
moſt entirely compoled of only air and water, trans- 


formed 
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formed into wood, or a ſolid ſubſtance which is af- 
terwards reduced into earth by combuſtion and pu- 
trefaction. We mult ſay the ſame of animals; they 
not only fix and transform air and water, but fire, in 
a much greater quantity than vegetables. It ap- 
pears, therefore, that the functions of organized bo- 
dies are one of the moſt powerful means made uſe of 
by Nature for the converſion of the elements. We 


may look on each animal, or vegetable, as a ſmall 


particular center of heat or fire which appropriates to 
itſelf the air and water which ſurround it, aſſimilates 
them to vegetate or nouriſh, and live on the produc- 
tions of the earth, which are themſelves only air and 
water precedently fixed : it appropriates to itſelf, at 
the ſame time, a ſmall quantity of earth, and re- 
ceiving the impreſſions of the light, and thoſe of the 
heat of the ſun and terreſtrial globe, it converts into 
its ſubſtance all theſe different elements; works, 
combines, unites, and oppoſes them, till they have 
undergone the neceſſary form towards its unfolding ; 
that is to ſay, the ſupport of life, and the growth of 
organization, the mold of which once given, models 
every matter it admits, and from inanimate renders 
it organized. 

Water, which ſo readily unites with air, and 
which enters with it in ſuch a great quantity into or- 
ganized bodies, unites alſo iu preference with ſome 
ſolid matters, ſuch as ſalts; and it is often by 
their means that it enters into the compoſition of mi- 
nerals : falt at firſt appears to be only an earth ſolu- 
ble in water, and of a ſharp ſavour: but chemiſts, in 
looking into its nature, have perfectly diſcovered, 
that it principally conſiſts in the union of what they 
term the earthy principle, and the aqueous principle. 
The experiment of the nitrous acid, which after 
combuſtion only leaves a ſmall quantity of earth and 
water, has even cauſed them to think, that perhaps 


this, and every other ſalt, was abfolutely compoſed . 


only 
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only of theſe two elements; yet, it appears to me 

eaſily demonſtrable, that air and fire enters their 
compoſition ; fince nitre produces a great quantity 
of air in combuſtion, and that this fixed air ſuppoſes 
fixed fire which diſengages at the ſame time : that 
befides all the explanations given of the diſſolution 
cannot be ſupported, at leaſt, that they do not ad- 
mit two oppoſite powers, the one attractive and the 
other expanſive ; and, conſequently, the preſence of 
the elements of air and fire, which are ſolely endow- 
ed with this ſecondary power ; that, in ſhort, it 
would be againſt all analogy, that ſalt ſhould be 
compoſed only of theſe two elements, while all other 
ſubſtances are compoſed of four. Thus, we muſt 


not take for granted what thoſe great chemiſts, 


Meſſrs. Stahl and Macquer have ſaid on this ſubject. 
The experiments of M Hales demonſtrates, that vi- 
triol and marine ſalt contain much fixed air; that 
nitre contains ſtill much more, even to the eighth of 
its weight ; and that ſalt of tartar contains ſtill more 
than thoſe. We may, therefore, affirm, that air 
enters as a principle into the compoſition of all falts; 


and as it cannot fix itſelf into any ſubſtance without 


the aid of heat, or fire, which fixes itſelf at the ſame 
time, they muſt be reckoned among the nuntber of 
their conſtitutive parts. But this does not prevent 
ſalt being alſo not regarded as the mediate ſubſtance 
between earth and water ; theſe two elements enters 
in different propertions into the different ſalts, or ſa- 
line ſubſtances, whoſe variety and number are ſo 
great, as not to be enumerated ; but which, gene- 
rally preſented under the denominations of Acids 
and Alkalis's, ſhews us, that there is in. general 
more earth and Jeſs water in theſe laſt ſalts; and, on 
the contrary, more water and leſs earth in the 
—_— h 

Nevertheleſs water, although intimately mixed with 
ſalts, is neither fixed nor united there by a force 


great 
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gteat enough to transform int a ſolid matter, as in 
the calcareous fone : it renders it ſalt or acid undar. 
its primitive form, and the beſt concentrated agid, 
or the moſt deprived of water; which might be [poked; 
upon here as liquid earth, only owes this liguid ty 004 
the quantity the air and fite it contains, ,"Adlquis+ 
duy and even all fluidity, ſuppoſes the preſence of a 
certain quantity of fire; and when we would attri- 
bute that of acidste 4 ſmall, portion of Water, Which 

could not be ſeperated from it; When even we could 
reduce them under a concreta form, it weud not be. 
leſs. certain that this ſavour, 38 well as theit odouts 
and colours, have like a, principle the ex- 
panſive power; that is to ſay the light, and the 
emotions of beat and fire, for there is only three 
active principles, which can act upon our ſenſes, 
and affect them in a different and diverſified manner, 
according toithe vapours or particles, of the different 
ſubſtances they. bring and preſent to us. It is theres. 
fore to theſti principles we muſt refer, not only the 
liquidity of fcids;:but alſo their ſayour. An expe- 
riment which b have had occaſion to make ſeveral 
times, has fully eonumced me, that alkali is produc»: 
ed by fire. Eime made avcording to the common 
mode, and put upòm the tongue even before lacked. 
by air or water, has a ſavour which already indicates 
1 preſence of à certain quantity ef alkali. If the 
fire is continued, this lime, Which has undergone a 
longer calcination, becomes mote poignant. to the 
tongue; and that drawn. from furnaces, where the 
calcination'has fubſiſted for fie or ſix months toge- 
ther, is ſtill more ſo. Now, this falt was not con- 
tained in the ſtone before its calcination; it augments 
in ſtrength or in N in proportion as the fire is 
applied fiercer and longer to the ſtone: it is therefore 
the immediate product of the fire and air, which in- 
corporates in the ſubſtance during its calcination ; and 
which by this means, are become fixed parts of this 
Vol. V. E ſtone; 
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ſtone; from which they have driven moſt of the 
watry liquid and ſolid molecules it before contained. 
This alone appeared to me ſufficent to pronounce that 
fire is the principle of the formation of the mineral 
alkali, and we muſt conclude, by analogy, that o- 
ther alkali's alike owe their formation to the conſtant 
heat of the animal and vegetable from which we 
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diate than that of alkalis, does not appear leſs cer- 
tain, We have proved, that nitre and phoſphorus 
drew their origin from vegetable and animal mat- 
ters; that vitriol derives its origin from the pyrites, 
ſulphur, and other combuſtibles : it is likewiſe 
known, that theſe acids, whether vitriolic, nitrous, 
or phoſphorical, always contain a certain quantity of 
alkali; we muſt, therefore, refer their formation 

and their ſavour to the ſame principle, and reducin 
all acids to a ſingle one, and every alkali to one al- 
kali, bring back all ſalts to one common origin, and 
not look on their different ſavours, and their parti- 
cular and diverſe properties, only as the varied pro- 
duct of the different quantities of earth, water, and 
cſpecially air and fixed fire, which enter into their 
compoſition: thoſe which will contain moſt of theſe 
active principles of air and fire, will be thoſe which 
will have moſt power and moſt taſte. I underſtand 
by power the force with which ſalts appear animated 
to diſſolve other ſubſtances. It is well known, diſ- 
ſolution ſuppoſes fluidity, that it never operates be- 
tween two dry or ſolid matters, and, conſequently, 
5 it alſo ſuppoſes the principle of fluidity in the diſſol- 
vent; that is to ſay, fire: the power of the diflol- 
4 vent wi be, therefore, ſo much the greater, as on 
4 one part it contains this active principle in a greater 
3 quantity; and that, on the other hand, its aqueous 
[| and terrene parts will have more affinity with the 
| parts 


| 
bt With reſpect to acids, the demonſtration of their 
1 formation by fire and fixed air, although leſs imme- 
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parts of the ſame kind contained in the ſubſtances to 


diffolve ; and as the degrees of affinity depend abſo- 
lutely on the figure of the integrant parts of the bo- 
dy, they muſt, like thoſe figures, vary ad infinitum ; 


we muſt, therefore, not be ſurprized of the greater, 
leſſer, or no action of certain falts on certain ſub- 


ſtances, nor of the contrary effects of other ſalts on 
other ſubſtances : their active principle is the ſame, 


their diſſolving power. the ſame; but it remains 


without exerciſe when the ſubſtance preſented it, re- 
pels that of the diffolvent, or has no degree cf affini- 
ty with it ; while, on the contrary, it greedily lays 
hold of it every time it finds ſufficient force of afh- 
nity to conquer that of the coherence ; that is to ſay, 
every time that the active principles, contained in the 
diſſolvent, under the form of air and fire, is found 
more powerfully attracted by the ſubſtance to be 
diffolved, than they are by the earth and water they 
contain; for from hence theſe active principles ſe- 
parate, develope, and penetrate the ſubſtance they 
divide and decompoſe to the point of rendering it 
ſuſceptible, by this diviſion, to freely obey all the 
attractive forces of earth and water contained in the 
diflolvent, and to unite with them intimately enough 
not to be ſeparated therefrom but by other ſub- 
ſtances which might have a ſtill greater affinity. 
Newton is the firſt who has given affinities for the 
cauſes of chemical precipitation : - Stahl adopted 
this idea, and tranſmitted it to every chemiſt; and 
it appears to me to be at preſent univerſally received 
as a truth which cannot be doubted : but neither 
Newton nor Stahl ſaw that all theſe affinities, ſo dif- 
ferent in appearance among themſelves, are at bot- 
tom only particular effects of the general force of 
univerſal attraction ; and, in defect of this view, 
their theory can neither be luminous nor complete, 
becauſe they were obliged to ſuppoſe ſo many trivial 
laws of different affinities, as there were different 


phenomena ; 
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phenomena ; whereas, there is really only one ſin- 
gle law of affinity, a law exactly the ſame as that of 
univerſal attraction; and that, conſequently, the 
explanation of every phenomena muſt. be deduced 
from this ſole cauſe. "hg 
Salts, therefore, concurs in many operations of 
Nature by the power they have of, diſſolving other 
ſubſtances: for, although it is vulgarly faid, that 
water diſſolves falt, it is eaſy to be perceived, that it 
is a wrong exprefiion, founded on what the liquid is 
commonly called, the diſſo/vent, and the ſolid, be 
diffokving body ; but, in reality, when there is a diſſo- 
lation, both bodies are active, and may be alike 
called diſſolvents: regarding only the ſalt as diſſol- 
vent, the diſſolved body may be indifferent!y cither 
liquid or ſolid; and, provided that the parts of the 
ſalt be ſufficiently divided to touch immediately thoſe 
of other ſubſtances, they will act and produce all 
the effects of diſſolution. By this we ſee how much 
the proper action of ſalts, and the action of the ele- 
ment of water which contains them, muſt have in- 
fluence on the compoſition of mineral matters: 
Nature may produce by this mode, all that our arts 
produce by the mode of fire. Time only is required 
for ſalts and water to operate on the moſt com- 
pact and the moſt hard ſubſtances, the moſt complete 
divifion, and the greateſt attenuation of their parts, 
which then renders them ſuſceptible of all poſſible 


combinations, and capable of uniting with all analo- 


gous ſubſtances, and to ſeparate from all others: but 


this time, which is nothing to Nature, and which is 


never wanting to it, is, of all things which are 
neceflary, that which is the moſt deficient to us: it 
is the defect of time which prevents us from imi- 
tating her proceſſes, or following her track: tho 
greateſt of all our arts, therefore, would be the art 


of abridging the time; that is to ſay, of performing 


in one day what fhe does in an age, However vip 
this 
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this pretention may appear, we muſt not renounce 
it, We have in fa&, neither the great force, nor 
the ſtill greater time of nature: but we have more 
than her, the liberty of uſing them as we pleaſe. 
Our will is a force which commands all the reſt, 
when we direct it with judgment. Have we not at- 
rained the point of creating to our uſe, the element 
of fire which has been hidden from us? have we not 
attracted the rays which ſhe has ſent to enlighten us? 
have we not by this ſame element found the means 
of abridging time, by dividing bodies by a fuſion as 
ſudden as this diviſion would be flow by any other 
mode, &Cc, 

But this muſt not make us loſe ſight that nature 
cannot, nor does not really perform, by the means 
of water, all that we do by fire. To ſee this clear- 
ly, we muſt confider that the decompoſition of every 
ſubſtance not being able to be made but by diviſi- 
on, the greater this diviſion will be, and the more 
the decompoſition will be complete. Fire ſeems to 
divide as much as poſhble, matters it puts in fuſion; 
nevertheleſs it may be doubted whether thoſe which 
water and acids keep in diſſolution are not ſtill 
more divided, and the vapours raiſed by heat, 
do not they contain matters which are ſtill further 
attenuated? In the bowels of the earth then, by 
the means of the heat it includes and the water 
which inſinuates, there is made an infinity of ſubli- 
mations, diſtillations, cirtalliſations, agregations and 
disjunctions of every kind. By time all ſubſtances 
may be compounded and decompounded by theſe 
means; water may divide them and attenuate the 
parts ſo much and more than fire when it melts them, 
and thoſe attenuated parts divided to this point, wall 
Join and unite in the ſame manner, as thole of fuſed 
metal unite by cooling. To make this more expli- 
cit, let us dwell for ® moment on criltallifation, 
This effect, of which the ſalts have given us an idea, 

is 
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is never performed but when a ſubſtance being diſ- 
engaged from every other ſubſtance is found very 
much divided and ſuſtained by a fluid, which hav- 
ing little or no affinity with it permits it to unite and 
form, by virtue of its force of attraftion, maſles 
of a figure nearly ſimilar to its pfimitive parts, 
This operation which ſuppoſes all the circumſtan- 
ces I have juſt announced, may be done by the in- 
termediate aid of fire, as well as by that of water; 
and is very often made by the concurrence of both, 
becauſe all this does not ſuppoſe or exact but one 


diviſion of matter ſufficiently great, for its primi- 


tive parts to be able, as I may lay, to cull and form, 
by uniting figured bodies like theraſelves. Now fire 
can quite as well, and much better than any other 
diſſolvent, bring many ſubſtances to this ſtate and 
obſervation demonſtrates to us in aſbeſtos, baſaltes, 
and other productions of fire, whoſe figures are re- 
gular, and which muſt all be looked upon as true 
criſtalliſations. 


And this degree of the great diviſion neceſſary to 


criſtalliſation, is not yet that of the greateſt poſhble, 


nor real diviſion, ſince in this ſtate the ſmall parts of 
matter are ſtill ſufficiently large to conſtitute a maſs 
which, like all other maſſes, only is obedient to the 
ſole attractive force and the volumes of which only 
touching in points, cannot acquire the, reſultive 
force that a much greater diviſion might not fail of 


performing by a more immediate contact, and this is 


alſo what we ſce happen in efferveſcences, where at 
once heat and light are produced by the mixture of 
two cold liquors. This degree of the diviſion of 
matter is here much below the neceſſary degree for 
criſtalliſation, and the operation is alſo as rapidly 
made as the other is ſiowly. 

Light. heat, fire, air, water and ſalts, are ſteps 
by which we deſcend from ths top of Nature s ladder 
to its baſe, which 1s fixed earth. And theſe are at the 


{ame 
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ſame time, the only principles, that we muſt admit 
and combine for the explanation of all phenomena. 
Theſe principles are real, independent of all hy po- 
theſis and all method: their converſion, their tranſ- 
formation is alſo as real, ſince it is demonſtrated by 
experience: It is the ſame with the element of earth, 
it can convert itſelf, by volatilizing and taking the 
form of the other elements, as theſe takes that of 
earth in fixing: but in the ſame manner as the pri- 
mitive arts of fire, air, or water, form only bodies, 
or ſhapes? which may be looked upon as fire, air, 
or pure water. So likewiſe it appears to me quite 
uſeleſs to ſeek for a ſubſtance of pure earth in ter- 
reſtial matters; fixity, homogeneity, the tranſparent 
luſtre of the diamond has dimmed the fight of our 
chemiſts, when they have given this ſtone for pure 
and elementary fire; it might alſo be ſaid with as 
much and as little foundation, that it is pure water, 
all the parts of which are fixed to compoſe a ſolid di- 
aphanous ſubſtance, like that; theſe ideas would not 
have been ſtarted, if it had not been ſuppoſed, that 
the terrene element has not more privilege of abſolute 
ſuaplicity, than the other elements. I hat even, as 
it is the moſt fixed of all, and conſequently the moſt 
conſtantly paſſive, it receives as baſe all the impreſ- 
ſions of the reſt, it attracts, admits and unites them, 
it incorporates, follows and ſuffers them to be hur- 
ried away by their motion ; and conſequently it is 
neither more ſimple, nor leſs convertible than the reſt, 
The large maſſes ſhould be alone conſidered when 
we would define Nature : theſe elements have been 
well taken notice of by even the moſt ancient philo- 
ſophers. The ſun, atmoſphere, earth and ſea, &c. are 
the great maſſes on which they have eſtabliſhed them, 
if there ever exiſted a planet of phlogiſton, an at- 
moſphere of alkali, an ocean of acid, and a moun- 
tain of diamonds, they might then be looked upon 
as the general and real principles of all bodies; but, 

| on 
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- on the contrary, they are only particular ſubſtances, 


produced like all the reſt, by the combinations of 
true elements. | We 


In the great maſs of ſolid matter, which earth re- 


preſents to us, the ſuperficial matter is the leaſt pure 
earth. All matters depoſited by the fea in form of 
ſediment, all flones produced by fthell animals, all 
ſubſtances "compoſed by the combinations of the 
waſte of the animal or vegetable kingdom: all thoſe 
which have been changed by volcanean fires, or 
ſublimed by the internal heat of the globe, are mixed 
and transformed: ſubſtances ; and although they 
compoſe very great maſſes, they do not clearly 
enough reprefent.to us the clement of earth: they 
are vitrifiable matters whoſe maſs is one hundred 
thouſand times more conſiderable than other ſub- 
ſtances, which ſhould be regarded as the true ba- 
fis of this element: at the ſame time, it is thoſe 
which are compoſed of the moſt fixed earth, thoſe 
which are the moſt ancient, and, nevertheleſs; the 
aft changed: it is from this- common foundation, 
alt other fußttances have detived the baſis of their 
ſolidity; for all fixed matter, ever ſo much decom- 
poſed, reduces ulteriotly into glafs by the fole action 
of fire: it retakes its firſt nature when it is diſeygaged 
from fluid or volatile matters Which were united 
with it: and this glaſs, or vitrious matter, which 
compoſes the maſs of our globe, fo much the better 
repreſents the element of earth, as it has neither co- 
lour, odour, taſte, liquidity, nor fluidity, qualities 
which all procced from the other elements, or He- 
long to them. 1 | 

If glaſs is not preciſely the element of earth, it is 
at leaſt the moſt ancient ſubſtance thereof, metals 
are more recent and leſs noble: moſt other minero1s 
form within our fight. Nature produces maſs only 
in the particular focus of its volganos; whereas, every 
day ſhe forms other ſubſtances 'by the „ 

0 
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of glaſs with the other elements. If we would form 
to ourſelves a juſt idea of het procefles in the ferma- 
tion of the globe, which demonſtrates to us, that it 
has been melted or liquified by flre: conſider after- 
wards, that from this immenſe degree of heat, it 
has fucceſhvely paſſed to the degree of its actual 
heat: that in the fitſt moments, where its ſurface 
has began to take confiſtence, inequalities muſt be 
formed, ſuch as we ſee on the ſurface of melted 
matters grown cold: that the higheſt mountains, all 
compoſed of vitrifiable matters, exiſts, take their 
date from this moment, which is alſo that of the 
great maſſes of air, water, and earth: that after- 
wards, during the long ſpace of time which its-cool- 
ing ſuppoſes ; or if we chuſe the diminution of the 
heat of the globe to the point of actual temperature, 
there is made in theſe mountains, which were the 
parts moſt expoſed to the action of external cauſes, 
an infinity of fuſions, ſublimations, aggregations, and 
transformations of all kinds, by the fire of the ſun, 
and all the other cauſes which this great heat ren- 
dered more active than they at preſent are; and that, 
conſequently, we muſt refer back to this date the 
formation of metals and minerals we find in great 
maſſes, and in thick and continued veins, The vio- 
lent fire of inflamed earth, after having raiſed up 
and reduced into vapours all what was volatile; af- 
ter having driven off from its internal parts the mat- 
ters which compoſe the atmoſphere and ſea, has at 
the ſame time ſublimed all the leaft fixed. patts of 
the earth; raiſed them up, and depoſited them in 
every: void ſpace, in all the cavities which formed on 
the ſurface in proportion as it cooled: this, then, is 
the origin and the gradation of the fituation and for= 
mation of vitrifiable matters, which fire has divided, 
tormed, and ſublimed. | 

After this firſt eſtabliſhinent (and which Rill ſub- 
ſiſts) of vitrifiable matters and minerals into a great 
Vol. V. F maſs, 
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maſs, which can be attributed to the action of fire 


alone. Water, which till then formed with air only 


a vaſt volume of vapours, began to take its actual 
ſtate as ſoon as the ſuperficies of the globe was cooled 
ſufficiently not to repel nor diſhpate them into va- 
pours: it collected, therefore, and covered the 
greateſt part of the ſurface of the earth, on which, 
finding themſelves agitated by a continual flux and 


reflux, by the action of winds and heat, it began to 


act on the works of fire. It changed by degrees the 
ſuperficies of vitrifiable matters, it tranſported the 
wreck of them, depoſited them in form of ſedi- 
ments, it nouriſhed ſhell animals, it collected their 
ſhells, produced calcareous ftones, formed hills and 
mountains, which afterwards drying, received in 


their cavities all the mineral matters they could diſ- 


ſolve or take in. 

To eſtabliſh a general theory on the formation of 
minerals, we muſt then begin by diſtinguiſhing with 
the greateſt care, firſt, thoſe which have been pro- 
duced by the primitive fire of the earth while it was 
burning with heat ; ſecondly, thoſe which have been 

formed from the waſte of the firſt by the means of 
water ; and, thirdly, thoſe which in volcanos, or 
other conflagrations poſterior to the primitive fire, 
have a ſecond time undergone the proof of a violent 
heat: theſe three objects are very diſtinct, and com- 
rehend all the univerſal kingdom: by not loſing 
ht of them, and by connecting there each mineral 
ſubſtance, we can ſcarcely be deceived in its origin, 
and even on the degrees of its formation. All mines 
which are found in maſſes, or large veins, in our 
bigh mountains, muſt be referred to the ſublimation 
of primitive fire : all thoſe, on the contrary, which 
is found in little ramifications, in threads, in vege- 
tations, have been formed only from the wafte of the 
firſt, hurried away by the ftillation of waters. We 
ſee evidently, by comparing; for example, the mat- 
ter 
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ter of the iron mine of Sweden with that of our iron 
mines in grain; theſe are the immediate work of 
water, and we fee them formed before our eyes; 
they are not attracted by the load ſtone; they do not 
contain any ſulphur, and are found only difperfed 
in the earth: the reſt are all more or leſs ſulphureous, 
all attractea by the load- ſtone, which alone ſuppoſes 
that they have undergone the action of fire: they are 
. diſpoſed in great hard and ſolid maſſes; their ſub- 

ſtance is mixed with a great quantity of | aſbeſtos, 
another index of the action of fire. It is the ſame 
with other metals ; their ancient foundation comes 
from fire, and all their great maſſes have been united 
by its action; but all their oriſtalliſations, vegeta- 
tions, granulations, &c, are due to the ſecondary 
cauſes, or to water in the greateſt part. I here limit 
my reſlections on the converfion of the elements, 
becauſe it would be anticipating on thoſe which each 
mineral ſubſtance particularly exacts, and which 


will be beſt placed in the articles of the Natural 
Hiſtory of Minerals, | „ 


_ — 


— 


REFLECTIONS « the LAW of ATTRACTION. 


HE mation of the planets in their arbits, is a 
motion compoſed of two forces: the firſt is a 
force of projection, the effet of which would be 
— in the tangent of the orbit, if the continued 
effect of the ſecond ceaſed one moment; this ſecond 
force tends towards the ſun, and by its effect would 
precipitate the planets towards the ſun, if the firſt 
force in its turn ceaſed ane ſingle moment. 
The firſt of thoſe forces may be looked upon as an 
impulſion, whaſe effect is uniform and conſtant, and 
which has been communicated to the planets from 
the formation of the planetary ſyſtem : the ſecond 
may be conſidered as an attraction towards the ſun, 
| and 
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and nwſt,,meaſure on all the qualities which part 
from a center, by the inverted motion of the ſquare 
of the diſtance; as, in fact, we meaſure the quan- 
tity of light, ſmell, &c. and all other quantities or 
qualities which propagate in a ſtrait line, and are 
connected to one center. Now, it is certain, that 
attraction is propagated in a ſtrait line, ſince there 
is nothing more ſtrait than a plumb line, which fall- 
ing perpendicularly to the ſurface of the earth, it 
tends directly to the center of the force, and gocs 
very little out of the radius to the center: therefore, 
we may ſay, that the law of attraction muſt be the 
inverted ratio of the ſquare of the diſtance, only be- 
cauſe it parts from a center, or tends to it, which 
comes to the ſam. 
But as this preliminary reaſoning, however well 
founded I think it, might be contradicted by people 
who take little care of the force of analogies, and 
who are accuſtomed to render themſelves up only to 
mathematical demonſtrations. Newton thought it 
better to eſtabliſh the law of attraction by phæno- 
mena, than by any other mode; and he has, in fact, 
geometriealty-demonftrated, that if many bodies 
move in concentrical circles, and that the ſquares of 
the time of their revolutions are as the cubes of their 
diſtances to their common center, the centripetal 
forces of their bodies are reciprocally as the ſquare 
of the diſtances ; and that if bodies move in orbits 
little different from a circle, theſe. forces are alſo re- 
ciprocally as the ſquare of the diſtances, provided 
that the apfdes of theſe orbits are immoveable ; 
thus, the forces by which the planets tend to the 
centers ol their orbits, follow, in fact, the law of 
the ſquare of the diſtance ;z and the gravitation be- 
ing general and univerſal, the law of this gravitation 
is conſtantly that of the inverted ratio of the ſquare 
of the diſtance; and I do not imagine that any per- 
$08 donbts of the law of Kepler, and that it can be 
| denied, 
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denied, thatthisisnot ſowith reſpect to Mercury, Ve- 
nus, the. Earth, Mars, Jupiter, and Saturn, eſpecially 
by conſidering them apart, and as not being able to 
trouble one another, and by paying attention only 
to their motion round the ſun. 

Every time, therefore, that we ſhall conſider only 
one planet, or one ſatellite, moving in its orbit round 
the ſun or ſome other planet, or that we ſhall have 
only two bodies both in motion, or one at reſt and 
the other in motion, we may be aſſured, that the 
law of attraction exactly follows the inverted ratio of 
the ſquare of the diſtance; fince, by all obſerva- 
tions, the law of Kepler 1s found to be true, as much 
in regard to the principal planets, as to the ſatellites 
of Saturn and Jupiter. Nevertheleſs, an okjection 
might be here drawn from the motions of the moon, 
which are ſo far irregular, that Mr. Halley calls it, 
Sidus Contumax, and principally from the motions of 
its apfides, which are not immoveable, as geome- 
trical ſuppoſition requires, on which is founded the 
reſult which has been diſcovered of the inverted ratio 
of the ſquare of the diſtance for the meaſure of the 
force of attraCtion in the planets. 

There are many modes of anſwering this ; at firſt 
it might be ſaid, that the law is generally exact in all 
the other planets : a fingle phenomena, or this ſame 
exactneſs not found, muſt not deſtroy this law, but 
mult be looked upon as an exception, the particu- 
lar reaſon of which we muſt ſeek after. In the ſe- 
cond place, we might anſwer, as Mr. Cotes has done, 
that when even it ſhould be allowed that the law of 
attraction is not exactly, in this caſe, in an inverted 
ratio of the ſquare of the diſtance, and that this 
ratio is ſomewhat ſtronger, this difference may be 
eſtimated by calculation, and that we ſhall find it is 
almoſt inſenſible, fince the ratio of the centripetal 
force of the moon, which muſt be the moſt 
troubled of all, approackes ſixty times nearer the 
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ratio of the ſquare than the ratio of the cube of the 
diſtance, **. Reſponderi poteſt etiamſi concedamus 
* hync motum tardiſſimum exinde profectum quod 
6 vis centripetæ proportio aberret aliquantulum a 
& duplicata, aberrationem illam per computum ma- 
% thematicum inveniri poſſe, & plane inſenſibilem 
« eſſe; iſta enim ratio vis centripetæ Lunaris quæ 
% omnium maxime turbari debet, paululum qui- 
« dem duplicatam ſuperabit; ad hanc vero ſexa- 
5“ ginta fere vicibus propius accedet quam ad tripli- 
$* catam. Sed verior erit reſponſio, &c.—Editoris 
« pref, in edit. 2.m Newton. Auctore Roger 
Votes“, | 


In the third place, we muſt more poſitively an- 


ſwer, that this motion of the apfides does not 
proceed from the law of attraction's being ſome- 
what greater than the inyerted ratio of the ſquare 
of the diſtance ; but Þþecauſe, in fact, the ſun acts 
upon the. moon by a force of attraction which 
muſt diſturb its motion, and produce that of the 
apſides ; and, conſequently, that this might be the 
cauſe which prevents the moon from exactly follow- 
ing the rule of Kepler, Newtan, in this light, has 
calculated the effects of this perturbative force; 
from his theory has drawn the equations and other 
motions of the moon with ſuch a preciſion, that 
they very exactly anſwer, nearly to ſome ſeconds, to 
the obſeryations of the beſt aſtronomers. But, ta 
ſpeak only of the motion of the apſides, he ſhews, in the 
45th propoſition of the firſt book, that the progreſ- 
Ho. of the moan's apogee proceeds from the action 
of the fun ; inſomuch, that to this point all agrees, 
and his theory is found as true and as exact in all the 
moſt complicated cafes as in thoſe which are the 

leaſt. 2 
Nevertheleſs, Mr. Clairaut, one of our greateſt 
geometricians, has pretended, that the abſolute 
quantity of the motion of the apogee cannot be 
| g drawn 
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drawn from the theory of gravitation, ſuch as 
it is eſtabliſhed by Newton, becauſe that by em- 
ploying the laws of his theory, it is found, that 
this motion would not be finiſhed in eighteen 
vears, whereas it is completed in nine. In 
ſpite of the authority of this able mathematician, 
and the reaſons he has given to ſupport his opi- 
nion, I have never been convinced, that Newton's 
theory agrees with his obſervations: I will not 
here undertake to make the examination which 
might be neceſſury to prove, that he is not fallen 
into the error which he is reproached with; I find, 
that it is ſhorter to aſcertain the law of fttra&ion, 
ſuch as it is, and to ſhew that the law Mr. Clairaut 
would ſubſtitute in the room of that of Newton, is 
only a ſuppoſition which implies contradiction. 

For admitting for a moment what Mr. Clairaut 
pretends to have demonſtrated, that by the theory of 
mutual attraction the motion of the apſides would be 
made in eighteen years inſtead of nine; and let us 
remember, at the ſame time, that to the exception 
of this phznomena all the reft, however complicated 
they are, agree very exactly in this theory with ob- 
ſervation : to judge thereon at firſt by probabilities, 
this theory muſt ſubſiſt, fince there are a very conſi- 
derable number of things where it perfectly agrees 
with Nature; that there is only a ſingle caſe where- 
in it differs, and that it is very eaſy to be deceived in 
the enumeration of the cauſes of a fingle phænomena. 
It appears to me, therefore, that we might imagine 
one: for example, if the magnetic force of the 
earth can, as Newton ſays, enter into the calcula» 
tion, we ſhould, perhaps, find that it influences the 
motion of the moon, and that it might produce this 
acceleration ig the motion of the apogee; and it is 
in this caſe, or, in fact, we ſhould employ. two 
terms to expreſs the meaſure of the forces which pro- 
duce tke motion of the moon : the firſt term of the 


expreſſion 
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expreſſion would be always that of the law of univer- 


ſal attraction, that is to ſay, the inverted and exact 


ratio of the ſquare of the diſtance ; and the ſecond 


you would repreſent the meaſure of the magnetical 
force, | ys 
This ſuppoſition is, without doubt, much better 
founded than that of Mr. Clairaut's, which feems to 
be much more hypothetical, and likewiſe ſubject to 
invincible difficulties. To expreſs the law of attrac- 
tion by two or more terms, add to the inverted ratio 
of the ſquare of the diſtance a fraction of a ſquared 


ſquare, inſtead of — place 2 Ta appeared to me 


to be no more than to add an expreſſion in ſuch a 
manner as to correſpond with it in every caſe. This is 
no longer a phyfical law which this expreſſion repre- 
ſents; for by once ſuffering a ſecond, a third, or a 
fourth term, &c. to be put, we might find an ex- 
reſſion which in all the laws of attraction would re- 
preſent the caſes he works upon, by adjuſting, at the 
ſame time, the motions of the apogee of the moon, 
and other phænomena; and, conſequently, this 
ſuppoſition, if it was admitted, would not only 
annihilate the law of attraction in an inverted ratio of 
the ſquare of the diſtance, but even would give en- 
trance to all poſſible and imaginable laws: a law in 
phyſic is only a law becauſe its meaſure is ſimple, and 
that the ſcale which repreſents it, is not only always 
the ſame, but alſo that it is ſingular, and cannot be 
repreſented by any other : now, every time that the 
ſcale of a law ſhall not be repreſented by a fingle 
term, this ſimplicity and this unity of ſcale, which 
forms the eſſence of the law, no longer ſubſiſts, and, 

conſequently, there is no longer any phyſical law. 
As this laſt reaſoning might appear only metaphy- 
fical, I ſhall endeavour to render it ſenſible by ex- 
plaining myſelf more fully. I ſay, therefore, that 
every time that a law is wiſhcd to be eſtabliſhed 90 
the 
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the augmentation or diminution of a quality or phy- 
fical quantity, we are ſtrictly ſubjected to make-uſe 
of only one term to expreſs this law: this term is 
the repreſentation of the meaſure which muſt vary, 
as; in fact, the quantity to be meaſured varies; ſo 
that if the quantity, at firſt only one inch, becomes 
afterwards a foot, an ell, a fathom, a mile, '&c. the 
term which expreſſes it becomes exprefhvely 
theſe, or rather repreſents them in the ſame order 
of ſize; and ſo it is likewiſe with every other ratio in 
which a quantity can vary. "he! 
In whatfoever manner, therefore, we might ſup+ 
poſe a phy ſical quality might vary, as this quality is 
one, its variation will be fimple and always expreſ- 
ſible by a fingle term which will be the meaſure of 
it; and when we would make uſe of two terms, we 
deftroy, the unity of the phyſical quality, be- 
cauſe theſe two terms will repreſent two different 
variations in the fame quality; that is to ſay, two 
qualities inſtead of one. Two terms are, in fact, 
iwo meaſures both unequally variable; and from 
thence they cannot be applied. to a ſimple ſubject and 
a fingle quality. If we admit alſo two terms to ex- 
preſs the effect of the central force of a planet, it is 
neceffary to avow, that inſtead of one force there 
are two, one of which will be relative to the firſt 
term, and the other relative to the ſecond term; 
from whence it is evidently ſeen, that it requires, 
in the preſent caſe, that M. Clairaut neceſſarily ad- 
mits another force different from attraction, if he 
employs two terms to repreſent the total effect of the 
central force of a planet. 4 n 

I know not how it can be imagined, that a. phyſi- 
cal law, ſuch as attraction is, can be expreſſed by 
two terms by relation to the diſtances : for if, for 


example, there was a maſs M, whoſe attractive vir. 


tue was expreſſed by +=, would not there re- 
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ſult the ſame effect as if this maſs was compoſed of 
two different matters; as for comple, of 42 M, 


whoſe law of attraction was expreſſed by —, and of 


2 5 
YA. whoſe attraction was 2. — This appears to me 


abſurb. 

But, independent of theſe impoſſibilities, what 
does the ſuppoſition of M. Clairaut imply, which de- 
ſtroys alſo the unity of the law, on which the truth 
and beautiful ſimplicity of the ſyſtem of the world is 
founded. This ſuppoſition is liable to ſo many other 
difficulties, that M. Clairaut ought methinks, to 
propoſe to himſelf before he admits it all the parti- 
cular cauſes which might produce the ſame effect. 
I perceive, that if I had ſolved, as M. Clairaut, 
the problem of the three bodies, and had found that 
the theory of gravitation, in fact, gives only the 
half of the motion of the apogee, I i Roule not have 
drawn the concluſion, that he draws againſt the law 
of attraction: this is alſo the — ion I contra- 
dict, and to which I do not think any one obliged 
to ſubſcribe, when even M. Clairaut ſhould have 
been able to demonſtrate the inſufficiency of all the 
other particular cauſes. | 

Newton ſays, (p. 547. vol. iii.) „* In his com- 
e putationibus attractionem magneticam terræ non 
* conſideravi, cujus itaque quantitas perparva eſt 
c. & ignoratur; ſi quando vero hec attractio in- 
6 veſtigari poterit, & menſura graduum in meri- 
6e diano, ac longitudines pendulorum iſochronorum 
* 1n diverſis parallelis, legeſque motuum maris & 
« parallaxis Lunæ cum diametris apparentibus Solis 
« & Lunz ex phznomenis accuratius determinate 
« fuerint, licebit calculum hunc omnem accuratius 
4 repetere. This paſſage does not very clearly 
prove, that Newton has not pretended to have enu- 
merated all the particular cauſes ; and does he not, 
in fact, indicate, that if we find {ome difference 1 in 
his 
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his theory and obſervations, that may proceed from 
the magnetical force of the earth, or from ſome other 
ſecondary cauſe; and, conſequently, if the motion 
of the apſides does not ſo exactly agree with his 
theory as the reſt, muſt we for that totally demoliſh 
his theory, by changing the general law of 12 
tion? or, rather, muſt we not attribute this difference, 
which is only found in this ſingle phænomena, to 
other cauſes? M. Clairaut has propoſed a difficulty 
againſt the ſyſtem of Newton; but this is entirely 
only a dificulty which neither muſt nor can become 
a principle: we muſt ſtrive to reſolve it, and not to 
form a theory of it, all the conſequences of which 
are only applied on a calculation : for, as I have ob- 
ſerved, we may repreſent every thing with a calcu- 
lation, and not realize any thing : and it we place 
one or more terms ſucceſſively, of the expreſſion of 
a phyſical law, like that of attraction, it gives us 
no more than the arbitrary inſtead of repreſenting us 
the reality, 5 

On the whole, it is ſufficient for me to have eſta- 
bliſhed the reaſons which made me reject the ſuppoſi- 
tion of M. Clairaut; and I think, that far from in- 
Juring the law of attraction, and overturning phyſical 
aſtronomy, it appears to me, on the contrary, to 
remain in its full vigour, and to haye power to extend 
much farther, me that without my having pre- 
tended to have ſaid near what might be ſaid on this 
matter, to which it is my defire that every one would 
unprejudicedly give as much attention to judge of it 
as it requires. | 
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1 u following experiments contain many new | 
18 | matters, and others more ancient, ſome of 
10 which have been printed, either. in the Monet of 


the Academy of Sciences, or elſewhere, I have di- 
vided them into relative parts according to the 
different objects of the Hiſtory of Nature, and 
have found many Memoirs which may be read in- 
500 e one of the other, but which I have 
only connected according to the order of matters. 


MEMOIR THE FIRST, 


Daperiments on the Progreſs of Heat in Bodies. 


I cauſed ten bullets to be made of forged and 
beaten iron: the firſt, of half-ipch diameter; the ſe- 
cond, of an inch; the third, of an inch and an half, 
and fo on progreſſively to five inches. This iron 
came from the forge of Chamæccon, near Chatillon- 
ſur Seine: and as all the bullets were made of iron 
of the ſame forge, their weights are found nearly 
proportionable to their volumes. 


The 
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The bullet of half an inch weighed 190 2 or 
2 drams, 46 grains, Paris weight ; that of an inch, 

22 grains, Or 2 OUnces, 5 drams, 10 grains; that 
ob an inch and an half, 5136 grains; that of two 
inches, 12173 grains; that of two inches and an 
half, 23781 grains; that of three inches, 41083 


grains; that of three inches and an half, 65254 


grains; that of four inches, 97388 grains; that of 


four inches and an half, 138179 grains; that of five 


inches, 190211 grains. 


All theſe weights were juſtly taken with very good 
ſcales, by adjuſting by degrees thoſe bullets which 
were found a little too heavy. 

Before I relate the experiment, I ſhall obſerve, 
firſt, that while they were making, the thermome- 
ter, expoſed to the open air, was at the freezing 
point, or ſome degrees above ; but that the bullets, 
were ſuffered to cool in a pit where the thermometer 


Was nearly ten degrees below that point; that is to 


C 


ſay, to the degree of temperature of the pits of the 
obſervatory, and it is this degree which I have here 
taken for that of the actual temperature of the 
earth. 

- Secondly, I have endeavoured to taketwo different 
methods i in the cooling ; the firſt where they ceaſed 
ro burn, that is to ſay, when they might be held in 
the hard hand a ſecond without burning : the ſecond 
were as cold as the actual temperature. To know 
the exact moment of this cooling to the actual tem- 
perature, other bullets were made uſe of for compa- 
riſon of the ſame matters, and of the ſame diameters 
which were not heated, and which were felt at the 
ſame time as the others. By this immediate and ſi- 
multaneous touch of the hand, or two hands, on the 
two bullets, we could well enough judge of the mo- 
ment when theſe bullets were equally cold: chis 
ſimple manner is not only eafier than the thermo- 


meter which was with difficulty applied here; but it 
is 


| 
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is alſo more preciſe, becauſe that it only acts 
to judge of the equality and not of the pro- 
ortion of the heat, and that our ſenſes are the 
beſt judges of what is abſolutely equal or per- 
fectly fimilar. On the whole, it is eafier to diſtin- 
iſh the moment when the bullets ceafe from burn- 


ing, than that when they are cooled to the actual 


temperature, becauſe that a live ſenſation is always 
more preciſe than a temperate ſenſation, as the firſt 
affects us in a ſtronger manner, | 

Thirdly, As the more or leſs ſmoothneſs or 
roughneſs on bodies makes much difference to 
the touch, and as a ſmooth body ſeems to be colder 
if it is cold, and hotter if it is hot, than a rough 
body of the ſame matter, although they are both 
equally ſo, I have taken care that the cold bullets 
were rough, and like thoſe which had been heated, 


whoſe ſurfaces were ſprinkled over with little 
eminences produced by the fire. 


EXPERIMENTS, 


| I. | 
The bullet of 4 inch was heated white in two mi- 
nutes, cooled ſo as to be held in the hand in twelve, 


and to the actual temperature in thirty-nine mi- 
NULCS, 


IT. 

'The bullet of an inch, heated white in five mi- 
nutes and an half, cooled ſo as to be held in the 
hand in thirty-five minutes and an half, and to the 
actual temperature in one hour and thirty-thres 
minutes, 

III. 

The bullet of an inch and an half, heated white 
in nine minutes, cooled ſo as to be held in the hand 
in thirty-five minutes, and to the actual temperature 
in two hours twenty-five minutes. 

* 
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IV. 
The bullet of two inches heated white in thirteen 
minutes, cooled ſo as to be held in the hand in one 


hour twenty minutes, to the actual r in 
three hours fixteen minutes. 


v. | 


The bullet of two inches and an half heated 


white in ſixteen minutes, cooled ſo as to be held in 
the hand in one hour forty-two minutes, to the 
actual temperature in four hours thirty minutes. 


VI. 

The bullet of three inches heated white in nine- 
teen minutes and an half, cooled fo as to be held in 
the hand in two hours ſever» minutes, to the actual 
temperature in five hours, eight minutes. 


h VII. 

The bullet of three inches and an half heated 
white in twenty-three minutes and an half, cooled ſo 
as to be held in the hand in two hours thirty-fix 


minutes, to the actual temperature in five hours, 
fifty - ſix minutes. 
VIII. 


The bullet of four inches heated white in twenty- 
ſeven minutes and an half, cooled ſo as to be held in 
the hand in three hours two minutes, to the actual 
temperature in fix hours fifty- five minutes. 

The bullet of four inches and an half heated white 
in thirty-one minutes, cooled in three hours twen- 
ty- five minutes, to the actual temperature in ſeven 
hours forty-fix munates, 

The bullet of five inches heated white in thirty- 
four minutes, cooled in three hours fifry-two mi- 


nutes, to the actual temperature in eight hours 
forty-two minutes. 
— The 
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The moſt conſtant difference that can be taken be- 
tween cach of the terms which expreſs the time of 
cooling, from the inſtant the bullets were drawn 
from the fire, to that when we can touch them un- 
hurt, is found to be about twenty-four minutes; for, 
by 0 cach term to increaſe twenty-four, we 
ſhall have 12, 36, 6o, 84, 108, 132, 156, 180, 


204, 228 e And the the continuation of the 


real times of theſe coolings, are 12, 354, 58, 80, 
102, 127, 156, 182, 205, 232 minutes, which ap- 
proaches the firſt as nearly as experiment can ap- 
proach calculation, 

So likewiſe the moſt, conſtant difference to be 
found between each of the terms of cooling to actual 
temperature, is found to be fifty- four minutes; for 
by ſuppoſing each term to increaſe fifty-four, we 
ſhall have 39, 93, 147, 201, 255, 309, 363, 417, 
471, 525 minutes: and the continuation of the real 
time of this cooling, is found by the preceding ex- 
periments to be 39, 93, 145, 196, 248, 308, 350, 
415, 466, 522 minutes, which approaches alſo 
nearly to the firſt, 

I have made the like experiments upon the ſame 
bullets twice or thrice; bur I have found I could 
only rely on the firſt, becauſe I perceived, that each 
time the bullets were heated, they loſt conſiderable 
weight: but all this great loſs of weight is not only 
occaſioned by the falling off of the parts of the ſur- 
face reduced into ſeoria, but alſo by a kind of drying 
er internal calcination which diminiſhes the weight 
of the conſtituent parts of the iron; inſomuch, that 
it appcars that a ſtrong fire renders the iron ſpecifi- 
cally lighter each time it is heated. On the whole, 
I have found by ulterior experiments, that this di- 
minution of weight varies much, according to the 
different quality of the iron. 

Having, therefore, cauſed ſix new bullets to be 
made from half an inch to three inches diameter, 

and 
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and of the ſame weight as the firſt, I have found the 
ſame progreſſion as well in the ingreſs as in the 
egreſs of the heat; and I am certain that iron 
heats and cools, in fact, as I have explained. A 
paſſage of Newton's gave birth to theſe experiments. 

Globus ferri candentis, digitum unum latus, 
calorem ſuum omnem ſpatio hore unius in aere 
confiſtens, vix amitteret. Globus autem major 
calorem diutius conſervaret in ratione diametri, 
propterea quod ſupetficies (ad cujus menſuram 
per contactum aeris ambientis refrigeratur) in 
illa ratione minor eſt pro quantitate materiæ ſuæ 
« calidz ineluſæ. Ideoque globus ferri candentis 

huic terre æqualis, id eft, pedes plus minus 
40000000 latus, diebus totidem & 1dcirco annis 
50000, vix refrigeſceret. Suſpicor tamen quod 
duratio caloris ob cauſas latentes augeatur in mi- 
nori rarione quam ea diametri; & optarim ratio- 
nem veram per experimenta inveſtigari.” 
Newton, therefore, defired that the experiments 


cc 
cc 
ce 
44 
cc 


I have laid down might be made, and I am deter- 


mined to attempt them, not only becauſe I required 
them for views fimilar to his, but alſo becauſe that 
| have thought this great man might be deceived, 
by ſaying, that the duration of heat muſt not in- 


creaſe by the effect of hidden cauſes, but in a leſs 


ratio than its diameter. It has appeared to me, on 
the contrary, by reflection, that theſe hidden cauſes 
might only render this ratio greater inſtead of making 
it leſs. | l 

It is certain, as Newton fays, that a larger globe 
will preſerve its heat longer than a ſmaller by reaſon 
of the diameter, if theſe globes are ſuppoſed to be 
compoſed of a matter perfectly permeable to heat; 


ſo that the egteſs of the heat was perfectly free, and 
the igneous particles ſhould not meet with any obſta- 


cle to ſtop or change their direction: it is only iff 


this mathematical ſuppoſition, that the duration of 
vOLe Ve | the 
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38 
the heat would be, in fact, in a ratio of the diame- 
ter. But the hidden cauſes which Newton ſpeaks 
of, and the principal of which are the obſtacles 
which reſult from the unabſolute, imperfect, and 
unequal permeability of all ſolid matter, inſtead of 
diminiſhing the time of the duration of heat, muſt, 
on the contrary, increaſe it. This has appeared to 
me fo clear, even before I had attempted my expe- 
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riments, that I ſhould be inclined to think, thar 
Newton, who ſaw ſo clear even in things them- 
ſelves, which he only ſuſpected, is not fallen into 
this error; and that the word minor; ratione, inſtead 
of majori, is only a fault of his pen, or his copyiſt, 
which are ſcattered about in the editions of his 
work, at leaſt, in all thofe I have conſulted : my 
conjecture is ſo much the better founded, as New- 


ton appears to ſay elſewhere preciſely the contrary. 


In the 11th queſtion of his Eflay on Optics, he ſays, 
«© Bodies of a great volume, do not they longer 
% preferve (Note. This word LONGER, can here only 
« fignify in a greater ratio than that of the Sor) 
ce their heat, becauſe their parts heat reciprocally : 

«© Anda vaſt, denſe, and fixed body being once heat- 
ed beyond a certain degree, can it not throw 
& light in ſuch abundance, as by the emiſſion and 
re- action of its light, by the reflexions and re- 
« fractions of its rays within its pores, it becomes 
* always hotter till it attains a certain degree of 
« heat which equals the heat of the ſun * And the 
5 ſun, and the fixed ſtars, are they not vaſt earths 
„ violently heated, where heat is preſerved by the 
« largeneſs of theſe bodies, and by the reciprocal 
6 action and re- action between them and the light 
«© they emit, their parts being beſides prevented 
+ from evaporating in ſmoke, not only by their 
ce fixity, but alſo by the vaſt weight and the great 
«© denfity of the atmoſpheres which compreſs them 


very ſtrongly on all fides, and increaſe the va- 
© pours 
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*© pours and exhalations which riſe from theſe bo- 
dies? 

By this paſſage we ſee, that Newton is not only 
here of my opinion, on the duration of heat which 
he ſuppoſes in a greater ratio than that of the diame- 
ter, but alſo that he advances too much on this aug- 
mentation, by ſaying, that a greater body, becauſe 
it is great, can augment its heat. 

Be it as it will, experience has fully confirmed my 
opinion : the duration of heat, or the time taken up 
in the cooling of iron, is not in a ſmaller, but in a 
larger ratio than that of the diameter: to be aſſured 
of it, we need only compare the following progreſ- 


ſions. | 
DIAMETERS. 

I, 2, 3, 4, 5, 6, 7, 8, 9, 10 half inches. 

The time of the firſt refrigeration, ſuppoſed in 
ratio of the diameter, 12, 24, 36, 48, 60, 72, 84, 
96, 108, 120 minutes. | 2 

The real time of this refrigeration, diſcovered by 
experience, 12, 331, 58, 80, 102, 127, 156, 182, 
205, 232 minutes. . 

The time of the ſecond refrigeration, ſuppoſed in 
ratio of the diameter 39, 78, 117, 150, 195, 235, 
273, 312, 331, 390 minutes. 

The real time of this ſecond refrigeration, diſco- 
vered by experience, 39, 93, 145, 196, 248, 308, 
356, 415, 466, 522 minutes. 

y comparing theſe progreſſions term to term, we 
find, that in every caſe the duration of heat is not 
only in a ſmaller ratio than that of the diameter, (as 
Newton has written) but, on the contrary, is in a 
conſiderable larger ratio, 

Dr. Martin, who has compoſed a good work on 
thermometers, relates this paſſage of Newton, and 
ſays, that he had begun to make ſome experiments, 
which he propoſed to carry on farther : that he 
thought the opinion of Newton to be conforma- 


ble 


„ that of the diameters, he thinks it not ſufficiently 
founded. Dr. Martin had reaſon in this reſpect; 
but, at the ſame time, he was wrong in thinking, 
after Newton, that all ſimilar ſolid or fluid bodies 
retain their heat by reaſon of their diameters. He 
16 truly relates experiments made with water in china 
k . baſons; by which he found, that the times of the 
BY - Jy 40 of the water are almoſt proportionableto 
1 the diameters of the baſons which contain it. But 
[ we have juſt ſeen, that it is even for this reaſon, that 
Fs the matter acts differently in ſolid bodies; for water 
1 muſt be looked upon as a matter almoſt entirely 
i permeable to heat, fince it is an homogenous fluid, 
and that none of its parts can make any obſtacle to 
the circulation of the heat. Thus, although the 
experiments. of Dr. Martin nearly affords the ratio 
of the diameter for the refrigeration of water, we 
muſt not draw any concluſion therefrom for the re- 
| frigeration of folid bodies. 
oY Now, if we would with Newton, learn how long 
| time it would require for a-globe as large as the 
q; earth to cool, we ſhould find, after the preceding 
experiments, that inſtead of 50000 years, which 
| he aſſigns for the time for the carth to cool to the 
| actual remperature, it would require 42964 years, 
| 221 days, to cool ir only to the point where it ſhould 
ceaſe to burn, and 86667 years and 132 days to cool 
it to the actual temperature, 

For the diameters of the globes being 1, 2, 3, 4. 
5... . N. inches, the time of refrigeration till 
they might be touched without burning, will be 12, 
36, 60, 84, 108—24 N. — 12 min. and the diame- 
ter of the earth, being 2865 miles, of 25 to the de- 
gree, or 6537930 fathom of 6 feet. 


2 
vn» hag: 3 


n 


14 = NETCRAL.HBISTORY: 

14 ble to truth, and that ſimilar bodies, in fact, retain 
1 their heat in proportion of their diameters ; but 
1 that if this proportion in great bodies is not leſs than 
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By making the mile 2282 fathom, or 39227580 
feet, org41461920; inches, we have N=941461920Þ 
inches, and 24 N-—12=22598086068 min. tliat is 
to ſay, 42964 years and 221 days for the time ne- 
ceſſary for a globe like the earth to cool Fur. to che | 
point of not burning. 

So alſo the times of refrigeration to the actual 
temperature, will be 39, 93, 147, 201, 255 

54 N—15 min. and as N is always = 9414619204 
558, we thall have 54 M15 = 50838943662 min. 
that is to ſay, 86670 years and 132 days, for the 
time necellary to refrigerate a globe as large as the 
earth to the actual temperature. 

It might only be ſuppoſed, that the refrigeration 
of the earth ſhould be {till confiderably increaſed, 
becauſe we imagine that refrigeration is only per- 
formed by the contact of the air, and that there is a 
great difference between the time of refrigeration in 
the air, and the time of refrigeration in vacuo; and 
as it is to be ſuppoſed, that the earth and air cools 
in the ſame time in vacuo, this ſurplus of time 
ſhould be reckoned. But it is eaſy to ſhew that this f 
difference of time is very inconſiderable; for, though 
the denſity of the medium in which a body cools, 
| makes ſomething on the duration of the refrigera- 
tion, this effect is much leſs than might be 1ma- | 
gined ; lie in mercury, which is ten thouſand 
times denſer than air, to refrigerate bodies, it is | 
only quill to plunge them therein about nine | 
times as often as is required to produee the ſame | 
refrigeration 1n air. 1 
The principal cauſe of refrigeration 1s not, there- 1 
fore, the contact of the ambient medium, but the 
expanſive force which animates the parts of heat and 
fire, which drives them out of the bodies wherein 
they reſide, and impels them directly from the cen- 
ter to the circumference. s 
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In the preceding experiments, by comparing the 
time employed to heat iron globes, with the time re- 
quifite to cool them, we ſhall find, that about the 
ſixth part and an half the time is neceſſary to heat 
them till they become white, to what is neceſſary to 
cool them to the point that they may be held in the 
hand, and about the fifteenth and an half part to 
cool them to actual temperature; ſo that there is 
ſtill a very great correction to be made in Newton's 
text, in the eſtimate he has made on the heat com- 
municated by the ſun to the comet of 1689 : for 
this comet, not having been expoſed to the violent. 
heat of the ſun but a ſhort time, it could nat re- 
ceive it only in proportion of this time, and not 
wholly as Newton ſuppoſes it in the following paſ- 
ſage, 

«« Eſt calor Solis ut radiorum denfitas, hoc eſt re- 
ciproce ut quadratum diſtantiæ locorum a Sole, 
Ideoque cum diſtantia cometæ a centro Solis 
decemb. 8, ubi in perihelio verſabatus, eſſet ad 
diſtantiam terræ a centro Solis ut 6 ad 1000 cir- 
citer, calor Solis apud cometam eo tempore erat 
ad calorem Solis æſtivi apud nos ut 1000000 ad 
*5. 36, ſeu 28000 ad 1. Sed calor aquæ ebullientis ef 
« quaſi triplo major quam calor quem terra arida 

conctpit ad æſtivum Solem ut expertus ſum, &c. 
Calor ferri candentis (f recte conjector) quaſi tri- 
plo vel quadruplo major quam calor aquæ ebulli- 
5 entis ; ideoque calor quem terra arida apud Co- 
“ metam in perihelio verſantem ex radus ſolaaibus 
concipere poſſet, quaſi 2000 vicibus major quam 
te calor ferri candentis. Tanto autem calore vapores 
* & exhalationes, omniſque materia volatilis ſtatim 
« conſumi ac diſſiari debuiſſent. 

** Cometa igitur in perihelio ſuo calorem immen- 


ſum ad Solem concepit & calorem illum diutiſſime 
* conſervare poteſt. 5 
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I ſhall firſt remark, that Newton here makes the 
heat of red-hot iron much leſs than it, in fact is; 
and he himſelf ſays, in a Memoir, entitled The Scale 
of Heat, and which he has publiſhed in the Philo- 
ſophical Tranſactions of 1701; that is to ſay, many 
years before the publication of his Principles. We 
ſee in this excellent Memoir, which includes the 
germ of all the ideas on which thermometers have 
afterwards been conſtructed ; we there find, I ſay, that 
Newton, after very exact experiments, makes the 
heat of boiling water to be three times greater than 
that of the fun in the height of ſummer; that of 
melred tin, fix times greater; that of melted lead, 
cight times ; that of melted regulus, twelve times; 
and that of a common culinary fire, fixteen or ſeven- 
teen times greater than that of the ſummer's ſun : 
and from hence, we cannot help concluding, that 
the heat of red-hot iron to white, is ſtill much 
greater, fince it requires a .fire continually animated 
by the bellows to heat the iron to this degree: New- 
ton ſeems to be ſenfible of it himſelf, and gives us to 
underſtand, that this heat of red-hot iron appears to 
be ſeven or eight times greater than that of boiling 
water. This diminiſhes half the heat of this comet, 
compared to that of hot iron. 

But this diminution, which is only relative, is 
nothing in itſelf, nor in compariſon of the real and 
very great diminution which reſults from our firſt 
conſideration. For the comet to have received this 
heat a thouſand times greater than that of red-hot 
iron, it would require to have remained for a very 
long time in the vicinity of the ſun; whereas, it 
has only paſſed it very rapidly at a ſmall diſtance, 
on which alone, nevertheleſs, Newton eſtabliſhed 
his Comparative Calculation. It was on the 8th of 


| = 75 
December, 1680, at — diſtance from the earth to 


the center of the ſun ; but twenty-faur hours before, 
and 
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and as many after, it was at a diftance fix times 
. — and where the heat was conſequently thirty- 
x times leſs. e eee 
If, then, we would know the quantity of this 
heat communicated to the comet by the ſtun, we 
here find how we ſhould make this eſtimation tolera- 
bly juſt; and, at the ſame time, make the compa- 
riſon with hot iron by the means of my experiments. 
We ſhall-ſuppoſe as a fact, that this comet has 
taken.up 666.hours to deſcend from the point where 
it was then diſtant from the ſun at an equal diſtance, 
as the earth is from that planet, at which point the 
comet; conſequently. received an heat equal to that 
which the earth receives from the ſun, and which” 
I here take for unity: we ſhall likewiſe ſuppoſe, that 
the comet has taken up 666 hours more to aſcend 
from the loweſt point of its perihelium to this ſame 
diſtance; and ſuppoſing alſo its motion uniform, we 
ſhall perceive, that the comet, being at the loweſt 
point of its perihelium; that is to ſay, tO of the 
diſtance from the earth to the ſun : the heat it re— 
ceived in that moment was 2700766 times greater 
than that the earth receives. By giving to this mo- 
ment a duration of 80 minutes; to wit, 40 minutes 
for its deſcent, and 40 for its aſcent, we ſhall have. 
at 6 diſtance, 27776 heat during 8 minutes; at 7 
diſtance, 20408 heat alſo during 8 minutes; at 
8 diſtance, 15625 heat during 80 minutes; and 
thus, ſucceſhvely, to the diſtance r000, where the 
heat is 1. By ſumming up all the heats at each 
diſtance, we ſhall find 363410 to be the total of the 
heat the comet has received from the fun, as much 
ia deſcending as in aſcending, which mult be multi- 


_ plied by the time; that is to ſay, by four thirds of 


of an hour, we ſhall then have 484547, which we 
{ſhall divide by 2000, which repreſents the ſolid heat 
the earth has received in this time of 1332 hours, 
; | | WT ſince 
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fince the diſtance is always 1000, and the heat als 
ways equals =1. Thus, we ſhall have 242 for 


the heat the comet has received more than the earth 
during the whole time of its perihelium; inſtead of 
28000; as Newton ſuppoſes it, becauſe he takes 
only the extreme point, and pays no attention to the 
very ſmall duration of time. 

And ſtill this heat muſt be diminiſhed 242 50_be- 


cauſe the eomet run, by its acceleration, as vali 
more way in the ſame time, as it was nearer the 
ſun. 

But by neglecting this diminution, and by ad- 
mitting only that the comet, in fact, received an 
heat nearly 242 times greater than that of our ſum- 
mer's ſun; and, conſequeritly, 17 times greatet 
than that of hot iron; according to Newton's eſtima- 
tion; or only ten times greater, according to the cor⸗ 
rection of this eſtimation, It muſt be ſuppoſed; 
that to give an heat ten times greater than that of 
red-hot iron, it required ten times more time; that 
is to ſay, 1332; conſequently, we may compare the 
comet to a globe of iron heated by a forge fire fot 
13320 hours, to heat it to a whiteneſs. 

Now we find by my experiments, that the time 
neceſſary to heat globes; whoſe diameters increaſe; 
as 1, 2, 3, 45 5 45 I. inches, is very near 25 
51, 9, 124; 16. min, we ſhall then have 
1'=3.-599200 minutes; from whence we ſhall draw 
n 22283424 inches. 

Thus, with a forge fire; we can heat to à hires 
neſs a globe whofe diameter is 2283424 inches, only 
in 799200 minutes, or 13320 terms, and, conſe- 
quently; it would require for the whole maſs of the 
comet to be heated to the point of iron to 4 white- 
neſs, during the ſhort time it was expoſed to the 
heat of the ſun, that it had only 2233424. inches 
1 


Vol. V. diameter; 
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diameter; and to ſuppoſe alſo, that it had been 
ſtruck on all fides, and at the fanie time, by the 
light of the fun © from hence it reſults,” that if we 
ſuppoſe it greater, we wuſt neceffarity fuppoſe more 
time in the fame ratio of 2294146192035 inches, 
and 2==4295116718 miputes; i. e. that inſtead 
of a year of 190 days, it would require the comet, 
inſtead of having only remained 1332 hours, or 35 
days 12 hours in all its perihelium, had remained 
there 392 years. Thus comets, when they ap- 
proach the ſun, do not receive an immenſe heat, nor 
a very durable one, as Newton ſays, and as we 
might be inclined to believe at the firſt view. Their 
ſtay is ſo ſhort in the vicinity of this planet, that 
theſe maſſes have not time to be heated, and that 
there. is ſcarcely only part of the ſurface expoſed to 
the ſun, which is burned by theſe inſtances of ex- 
treme heat, which, by calcining and volatilizingthe 
matter of this ſurface, drives it outwardly in va- 
pours. and in duſt from the oppoſite fide to the ſun ; 
and what is called the tail of the comet, is nothing elſe 
than the light even of the fun rendered ſenfible, as 
in a dark room, by thofe atoms which the heat 
lengthens as it is more violent. | 4 
But another very different and ſill more important 
conſideration is, that to apply the reſult of our ex- 
periments, and calculation to the comet and earth, 
we muſt ſuppoſe them compoſed of matters which 
would demand as much time as iron to cool; where- 
as, in reality, the principal . matters of which 
the terreſtrial globe is compoſed, ſuch as clay, gres, 
ſtones, &c. muſt cool in a much leſs time than 
— 53. | E279 4 O. 

To ſatisfy: myſelf on this point, I cauſed globes 
of clay and marl to be made; and having heated 
them at the ſame forge to a whiteneſs, I found that 
the clay balls of two inches, cooled in thirty-eight 
ene minutes 
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miautes ſo as to he held in the hand; thoſe of tyo 
inches and an half, in forty-eight minutes; and thoſe 
of three inches, in fixty minutes; which, being com- 
pared with the time ot the refrigeration of iron bul- 
lets of the ſame diameters of two inches, two inches 
and an half, and three inches, give 38 to 80 for two 
inches, 48 to 102 for two inches and an half, and 
60 to 127 for three inches, which makes a little leſs 
from one to two, ſo that for the refrigeration of clay, 
Wo half the time is required than is for iron. 

have found alſo, that lumps of clay or marl of 

two inches, refrigerated ſo as to hold them in the 
hand in forty-five minutes; thoſe of two inches and 
an half, in tifty-eight ; and thoſe of three inches in 
ſeventy-five, which, being compared with the time 
of refrigeration of iron bullets of the ſame diameters, 
gives 46 to 80 for two inches, 58 to 102 for two 
inches and an half, and 75 to 127 for three inches, 
which nearly form the ratio of 9 to 5 ; ſo that for the 
refrigeration of clay, more than half the time is re- 
quired USL IOC OR. DE Oo POT NE IO 
[ thall obſerye on the ſubject of theſe experiments, 
that globes of clay heated white, loſt more of their 
weight than iron bullets, even to the ninth or tenth 
part of their weight ; whereas gres, heated 'in the 
ſame fire, loſes ſcarcely any thing at all of its weight, 
although the whole furkice is covered over with ſcales, 
and reduced into glaſs. As this little matter appeared 
ſingular, J repeated the experiments ſeveral times, 
increaſing the fire, and continuing it longer than for 
iron ; and although it ſcarcely required a third of the 
time to redden clay, than what it did to redden iron, 
I kept them in this fire double and treble the time, 
to ſee if it would loſe more, and I'found only very. 
trifling diminutions ; for the globe of two inches, 
heated for eight minutes, which weighed ſeven ounces 
two drams thirty grains before it was put in the fire, 
loft only forty-one grains, which does not make an 
| CO EO Ie — hundredth 
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hundredth part of its weight ; and that of three inches, 


which weighed twenty-four ounces, five drams, thir- 
teen grains, having been heated by the fire for eigh+ 
teen minutes, that is to ſay, nearly as much as iron 

loſt only to ſeventy-eight grains, which does not 
make the hundred and eighty-firſt part of its weight. 
Theſe lofies are fo teilig, that they may be 
looked upon, in fact, as no loſſes; and, in general. 
as certain that pay clay loſes nothing at all of 
its weight in the fire: for it appears, that thoſe tri- 
Aing diminutions have been occaſioned by the ferru- 
ginous parts which are found in this clay, and which 
have been in part deſtroyed by the fire, 

One thing more general, and which deſerves no- 


tice is, that the duration of heat in different matters 


expoſed to the ſame fire for an equal time, are always 


in the ſame proportion, whether the degree of heat is 


greater or 1maller; ſo that, for example, if iron, 
clay, and gres is heated by a violent fire, and ſuch as 
require eighty minutes to refrigerate iron ſo as to be 
held in the hand, forty-fix minutes to refrigerate gres 
to the ſame point, and thirty-eight to refrigerate clay 
and that at a leſs heat it would require, for example, 
only eighteen minutes to refrigerate iron to this ſame 
degree, it would require proportionally only a little 
more than ten minutes to refrigerate gres, and about 
eight minutes and an half to refrigerate clay to the 
ſame degree. 2 | 
1 have made the like experiments on marble, 
None, lead, and tin, by a heat only ſtrong enough ta 
melt tin, and I found, that iron refrigerated in eigh- 
teen minutes, marble refrigerated to the ſame degree 
in twelye minutes, ſtone in eleven, lead in nine, ang 
tin in eight. | | 

It is not, therefore, proportionally to their denſity, 
as is vulgarly ſuppoſed, that bodies receive more or 
leſs heat, but in a quite different relation, which is 
jn an inyerted ratio of their ſolidity; that is to BY, 

0 


* 9 
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of their greater or leſſer nom fluidity; ſo that, by the 
ſame heat, leſs time is requiſite to heat or cool the 
moſt denſe fluid. In the following Memoirs I ſhall 
give the entire developement of this principle, on 
which all the theory of the progrets of heats depends ; 
but that my aſſertion ſhould not appear vain, here 
follows in a few words the foundation of this theory. 
I have found that bodies which ſhould heat in ratio 
of their diameters, could be only thoſe which might 
be perfectly permeable to heat, and that might be, 
at the ſame time, ſuch as would heat or cool in the 
ſame time. From hence, I have thought that fluids, 
whoſe parts are only held together by a flight connec- 
tion, might approach nearer this perfect permeabili- 
ty than ſolids, whoſe parts have much more cohe+ 
non than thoſe of fluids, | 
In conſequence of this, I made experiments, b 
which I have found, that with the ſame heat all fluids, 
however denſe ſoever they be, heat and cool more 
readily than any ſolid, however light it may be; ſo 
that, for example, 3 compared with wood, 
heats much more readily than wood, although it be 
fifteen or fixteen times denſer. 2 
This made me perceive, that the progreſs of heat 
in bodies muſt not in any caſe be made relatively to 
their denſity; and, in fact, I have found by experi- 
ence, that this progreſs, as well in ſolids as fluids, is 
made rather by reaſon of their fluidity, or in an in- 
yerted ratio of their ſolidity. | 
As the word Solidity has many acceptations, we 
muſt clearly ſee the ſenſe in which I here make uſe 
of it. Soligand ſolidity are ſpoken of in geometry, re- 
latively to fize, and are received for the volume of a 
body. S /idity is often ſpoken of in phyſics, relative- 
ly to denſity, that is to ſay, to the maſs contained 
under a given volume. Solidity is often ſpoken of alſo 
relatively to hardneſs ; that is to ſay, to the reſiſtance 
that bodies make when we would impel them. Now 


it 


—— 


r 


2 
. 8 


* * * e — _ \ — Is : * 


149 
N 
* 
10 
ths 
1 
N. 
** 
1 
% 
bo L 
5.3 
'> 
*'1 
E 
1 
1 
1 
oF 
1 
iW\2 
Up; 
4 
B F 


n 7 


a — _ * 4 — — — — a» Sa 
. —— CEP 2 
— . . ]% ̃³ 1... over OT ; ae 


1 
2 — Wa 
99 „ my * x ; 
. : — 
4 3 : 
pon OT „ bo 
ev 


* 
+ * y 
: © hrs > 


„ NATURAL MISTORT. 


+ 
it is in none of theſe meanings that I make uſe of this 


word, but in an acceptation which ought to be the 
firſt, becauſe it is the moſt proper. I underſtand 
folely by ſelidity the quality oppolite to fluidity ; and 
Ifay, that it is in an inverted ratio of this quality that 
the progreſs of heat is made in moſt bodies, and that 
they heat or cool ſo much the faſter as they are the 
more fluid, and ſo much the ſlower as they are more 
ſolid, every other circumſtance being equal. | 
To prove alfo, that folidity, taken in this ſenſe, is 
periedly independent of denſity, I have found by 
experience, that the moſt or leaſt denſe matters, heat 
or cool more readily than other more or leſs denſe 
matters ; that, for example, gold or lead, which are 
much more denſe than iron and copper, nevertheleſs 
heat and cool much quicker; and 4 tin and mar- 
ble, which are, on the contrary, not ſo denſe, heat 
and cool much faſter than iron and copper; 
and that there is likewiſe many other matters, which, 
although more or leſs denſe, heat and cool more rea- 
dily than others which are much leſs. or more denſe ; 
ſo that denſity is no ways relative to the ſcale of the 

progreſs of heat in ſolid bodies. 5 | 
"To prove it likewiſe in fluids, I obſerved, that 
quickfilyer, which is thirteen or fourteen times den- 
fer than water, neverthelets heats and cools in lets 
time than water ; and that ſpirit of wine, which is 
leſs denſe than water, heats and cools alfo quicker 
than water; ſo that generally the progreſs of heat 
in bodies, as well for the ingreſs as egreſs, has an 
affinity with their denſity, and is principally made in 
ratio of their fluidity, by extending the fluidity to a 
ſolid, that is to ſay, by looking on ſolidity as greater 
or a leſſer non fluidity. From hence I have thought, I 
ought to conclude, that we ſhould know, in fact, the 
real degree of fluidity in bodies, by heating them to 
the ſame heat ; for their fluidity would be in a like 
ratio as that of the time during which they will re- 
| ceive 
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ceive and loſe this heat: and it will be the ſame 
with ſolid bodies. They will be ſo much the more 
ſolid, that is to ſay, ſo much the mas ty fluids, as 
they will require more time to receive and loſe this 
heat, and that almoſt generally to what I preſume : 
for J have already tried thele experiments on a great 
number of different matters, and I made a table, 
which I have endeayoured to render as complete and 
exact as poſſible, and which will be found in the fol- 
lowing Memoir. e | 


A 8 a. — ith. _. 


1 
9 


SECOND MEMOIR. 
Continuation of the Experiments en the progreſs of Heat 
in different Mintral Subſtances. | 


I cauſed a great number of globes to be made of 
an inch diameter, the moſt preciſe as was poſſible, 
from the following matter, which may repreſent near- 
ly the mineral kingdom. CSE $0 | 

Now the preſent gold refined by M. Tillet, of the 
Academy of Sciences, who made this globe at my 
requeſt, | | | 


os . d. gr. 


or. d. gr. | 

Weighed - 6 2 17 | Emerald - I 2 24þ 
Lead - = 3 6 28 | Marble white 1 o 25 
Pure -filver - 3 3 22 Pure clay O 7 24 
Biſmulk- 3 0 3 | Marble com- | 
Copper red - 2 7 56 | monofMoat- 7 5 
Iron - 2 5 10 | bad 00 7 20 
Tia 2 3 48 Hard and grey | 
Antimony melt- | calcar. ſtone 

ed wo Which of Montbard © 7 20 

had ſmall ca- White gypſum, 

vities on its improperlx 

ſurface 2 1 34 called Ala- 5 
Fine - a 5; * 1 - :-& © 
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& 2 £1 36s d. gr. oz. d. gri 
Calcar :0us white Pure earth, very 
_ Kone, of the | dry 60 6 16 
_ - quarry of A- 05 9 
nieres, near Porcelain of the 
Dijon. 0 6 court de Lau- | 
Rock Cryſtal ; | -., _raguals = © 6 23 
it was a little | White chalk O 4 49 
too ſmall, and Cherry wood | 
had many de- which altho' 

fects. I pre- Rs lighter than 

ume that moſt other 
without them woods, is that ' 
it would have which takes 
en 0.6 22, || 1n-the leaſt. . .. 
Common glaſs o 6 21 fire o1 39 


c 
ov 


I muſt here obſerve, that we muſt not rely on the 
weight ſet down in this table, to conclude there- 
from the exact ſpecifical weight of each matter; for 
whatſoever precaution . I took to render the globes 
equal, as I was die to employ different work- 
men, ſome were too large and others too ſmall. 
Thoſe which were more than ah inch diamer were di- 
miniſhed, but ſome which were too ſmall, as thoſe of 
rock cryſtal glaſs and porcelain, remained as they 
were. I have only rejected thoſe. of agate, jaiper, 
and pophyry, which were fenfibly too fmall. 
Nevertheleſs, this degree of preciſion in fize, was 
not abſolutely neceſſary, for it could very little alter 
the reſult of my experiments. | 

Before I had ordered all theſe globes. of ah 
inch diameter, I expoſed to a like degree of fire, a 
ſquare maſs of iron and another of flead of two 
inches, and found by reiterated 58 that lead 
heated and cooled quicker in much leſs time than 
iron. I made the ſame heat on red copper, it requir- 
ed alſo more time to heat and cool than lead 


8 5 and 
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and leſs than iron. So that of theſe three matters, 
iton appeared the leaſt acceſſible to heat; and, at the 
fame time, that which retained it the longeſt. This 
made me know that the law of the progreſs of heat, 
that is to ſay, of its ingreſs and egreſs in bodies, was 
not at all ptoportionable to their denſity, ſince lead, 
which is denſer than iron and copper, nevertheleſs 
heats and cools in leſs time than theſe two other, me- 
tags. As this object appeared important, I cauſed + 
my little globe to be made, to be more perfectly ſa- 
tisfied on a great number of different matters of the 
progreſs of heat in each. I always placed the globes 
at an inich diſtance from each other, before the ſame 
fire, or in the ſame oven, 2, 3, 4 or 5, &. together 
during the ſame time with a globe of tin in the midſt 
of the teſt: In-moſt of my experiments, I ſuffered 
them to be expoſed to the ſame active fire, till the 
globe of tin began to melt, and at that inſtant they. 
were all removed together, and placed on a table in 
{mall caſes: I ſuffered them to cool without moving 
them, by often trying whether 1 cculd touch them 
ind the moment they left off burning the fingers, and 

could hold them in my hands half a ſecond, 1 
mærked the number of minutes which were paſſed 
fince I drew them from the fire. I afterwards ſuffer- 
ed them to-cool to; the actual temperature, of which 
I endeayoured to judge by means of other ſmall 
globes of the ſame matter which had not been heated, 
and which I touched at the ſame time as the others 
cooled. Of all the matters which I put to the trial, 
there is only ſulphur which melts in a leſs degree of 
heat than tin, and in ſpite of its diſagreeable finelt 
I: ſhould have taken it for a term of compa- 
riſon, but as it is. a brittle matter which dimi- 
niſhes by friction, I preferred tin, although it requir- 
ed nearly double the heat to melt it, than ſulphur 
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B the ff Seen He ade 8 copper bul- 
let heated in the ſame time, and cooled in the fol- 
lowing order: oh : 


Cooled fo as to be held in the to aaa temperature 


hand for haff a ſecond. ws = 


in 8. In Nd ed: 1 0 
e . » ai * 22 80 99 


Having heated the bullets of. iron, copper, lead, 


un, gres and montbard marble together in the ſame 


fire, they. cooled in the penner : 


ce to be held in the 
dee nn 


. II. 0 
EY a ſecond experiment by a Hiercer fire, ſuffci- 
ent to melt the tin bullet, the five other bullets cool- 
ed in the foſlowing proportions : 


Goaled ſo as tobe held i in the | Cooled to the temperature, 
nen 
Min. 1 Mia 

Lead in 10 Inn 42 
Gres in - 2124 [Im + 46 
Common marble - 133 In ll 50 
Copper 19 f In n 5 
Iron 23 8 39. 99 54. 
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0 2 III. MET © 
By a third experim ent, by à leſs degree of fire 
rd the preceding, ho ds bullers, with a freſh tin 
bullet, cooled in LA following order: © 
Cooled ſo as to be held inthe | Cooled to temperature. 
Band baff a ſecond, 1 e 


# 5 in.. ; ia. 
Tin in Ji ln 


Leadin - - 91 Ia 
Gres in '- » 10 In 
Common marble in 12 Ia 


* 


6 I 4 © ers 
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14 1 be: ek 
+ 4 13 
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Copper in - — 14 [In 1 
Iron in - 17. In 50 


From theſe experiments, which I have made with 
as much precifion as poſſible, we may conclude, firſt, 
that the time of refrigeration of iron, ſo as to be held 
in the hand, is to that of copper:: 531: 45, and to 
the point of temperature:: 142 ; 125. 4 

2dly, That the time of refrigeration of iron, ſo as to 
be held in the hand, is to that ofthe firſtrefrigeration of 
common marble ; : 531: 351, and their entire refris 

eration: ; 142: 110. | 2 5 

zdly, That the time of reftigeration of iron, to that of 
gres, ſo as to be held in the hand, is : : 534 : 32 and 

: 142 : 1024, for their entire refrigeration. 
4thly, That the timeofrefrigerationof iron to that of 
lead, 10 as to be held in the hand, is: :.531:27 


and : : 142 : 941 for their entire refrigeration. 


As there were but two experiments for the compa- 
riſon of iron with tin, I made a third, in which the 
tin cooled ſo as to be held in the hand in eight mi- 
nutes, and entirely to the temperature in thirty-two z 
and the iron cooled to be held in the hand in eighteen, 
and entirely cooled in forty-eight, by means of which 
the proportion of the three experiments, is, firſt, for 
the refrigeration of iron compared with tin: : 48 : 22, 

| and 
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and :: 136 : 73 for their entire refrigeration. Se; 
eoodly, that the time of the refrigeration of copper 
ih do that of common marble ; 45 : 353 for the 
entire refrigeration, and ; ; 125 ; 102 for the refri- 
geratiqn to the temperature. Thirdiy, that the 
times of refrigeration of copper are to that of gres 
23-55: 33 tor the firſt refrigeration, and:: 125: 102 
for the refrigeration to the actual. temperature. 
F curthly, thatthe. times gf refrigeration of copper are 
to thoſe of refrigeration of lead; : 45 : 27 for the firſt 


refrigeration, and : 125): 944 for the whole, | 
* N 


As there were for the compariſon of copper and 
tin only two experiments, I made a third, in which 

the copper cooled to be held in the hand in eighteen 
minutes, and entirely in forty-nine. ' Tin cooled to 
the firſt point in eight minutes and an half, and to the 
laſt in thirty; from | whence it may be concluded, 
firſt, that the time of refrigeration, ſo as to be held 
in the hand, of copper is to that of tin: ; 421: 224, 
and :: 123: 71 for their entire refrigeration. Se- 
_ condly, it may likewiſe: be concluded, from the pre- 
ceding experiments, that the time of refrigeration of 
common marble is to that of the refrigeration of gres, 
fo as to be held in the hand,: 361: 32, and :: 
110: 102 for their entire refrigeration, Thirdly, 
that the time of refrigeration of marble is to that of 
lead, ſo as to be held in the hand,: : 364: 28, and 
: 110: 941 for the entire refrigeratiouun. 


As there were only two experiments for the com- 
pariſon of marble with tin, I made a third, in which 
the tin cooled ſq as to be held in the hand in nine mis» 
nutes, and the marble in eleven; and the tin cooled 
entirely in twenty-two minptes and an half, and the 
wwafple in pwenty-three : thus the times of refrigera+ 

: l 8 | tion 
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| tion of marble, are to thoſe of tin, as 33 is to 244 
for the firſt refrigeration, and; +; its 64 for dr — 


77 


cond, - . 
VII. | 
As there were only two experiments for the come 
pariſon of gres and lead with tin, I mado a third by 
hearing together theſe three bullets of gres, lead, 
and ting which Wer in ne order: $5 


Ceted ſo as tobe held in the I cle to rene, © 
d. 


Tin ian <- - 15 10 — 
Lead in 8 la | 
Gres in - 1044 In-. - „„ 28 

Thus it may bo concluded, firſt, chat che time of 
refrigeration of lead is to that of tin, fo as to be 
held in the hand; : 251 : 244, and: : 791: 64 for 
their entire refrigeration. Secondly, that the time 
ot reffigeration af gres is to that of tin, ſo as to be 
held in the hand: : 70 : 214, and: : 84 : 64. for their 
entire refrigeration, Thirdly, ſo likewiſe it may be: 
concluded, by the fqur preceding experiments, that 
tbe time of refrigeration of gres is to that of lead, ſo 
as to be held in the hand: : 425: 455; and 55 
139: 1214 for thelt entire 1 a 


In an oven hot enou 515 to Wan tin, aübough all 
the coals and cinders were drawn out, I placed on 
a piecę of irop wire, five bullets, At from one 
another about nine lines, after which the oven was 
but, and having drawn chem out about OW 
minutes, they cooled 1 in the Moving! Frey ; 


Cooled ſo at fo be beld in the | Gold to 1 nadie. 
. ee, 


Vin. * -4 >þ + -. — 
Silver | in * 14 {la - 
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Gold in A — 8 9 T5 n In 
Iron in 18 In 


4 * 
8 
* * 5 8 VP 4 * 
: 
; X. 


In the ſame oven, but with 


164 In 


* : — * 4 * — | a 1 
2 o - . 
1 * p k ed 3 4 =. * 3 
. \ 
— - . 2 


* 
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a ſlower heat, the 


ſame bullets, with another bullet of tin, cooled 


$0 as to le held in the hand | Ceoted to the temperature. 


balf a ſecond. 


+” ® & 
Mi 
in, 


Nin, 
Tin in 


* 


Silver in — = 


Fe 9 7 — = — — - — 1 4 we: £0 
„M en tidy; ned ety de a Ret 
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Gold in 
Copper in 
Iron in 


1 In the ſame.aven, but with « Mill leſs degree of _ 


hear, the ſame bullers cooled in the following pro- 


portions : 


£1 ; hand. . l 


Tin in 
Silver in 
Gold in 
Copper in 
Iron in 


| 


. 


* 
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* 
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31 
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| 9 
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11. 


it 
In 


20 


14. 
16 


XI. 


, 


Min, 


6 1 - 
-i$:4 


. 9 | In — 


10 In 


ie ON 


In — — 


* 
— 40 


31 


43 


Mis. 


1 
26 


28 
31 
35 


a From theſe experiments it may be concluded, 
That the time of the refrigeration of iron is to 
of cppper, ſo as to be held in the hand, 
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2; 11416418: 10+14 +168, or ;;: 451: 40 by 
the three preſent experiments: as this alſo has been 
found by the preceding experiments (Article IV.) 
831 :45, we ſhall have, by adding thefe times 
99 to 854, for the ſtill more preciſe relation of the 
tirſt refrigeration of iron and copper; and for the 4 
"Hah | cond, 
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47 


| Cale ta the temperature. 
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cond, that is to ſay, for the intire refrigeration the 
relation given by the preſent experiments, being: : 
35 * 47 1 56: 31 + 43 ＋ 50, Or : 138, 24, and 
:: 142 : 125, By the preceding experiments, 
(Art. iv.) we ſhall have by adding the times, 280 to 
249 for the ſtill more preciſe relation of the entire 
refrigeration of iron and copperrt. 
2. That the time of refrigeration of iron is to that 
of gold 45, : 37 and to the point of temperature:: 
138: 114. eee 1 612 
3. That the time of refrigeration of iron ſo! as 
to be held in the hands, is to that of ſilver 451: 34, 
and to the point of temperature:: 138: 97. 
4. That the time of the refugeration of iron, ſo 
as to be held in the hand is to that of tin: : 454 : 
21 by the preſent experiments, and: : 24 11 by the 
preceding experiments, Art. V. Thus, by addin 

this time, we ſhall have, 69 to 32 for the ſtill 
more preciſe relation of their refrigeration, and for 
the ſecond, the relation given by the preſent expe- 
riments being: : 138: 61, and by the preceding 
experiments (Art. v.) :: 136: 733 we ſhall have, by 
adding theſe times, 274 to 134 for the ſtill more 
ppecile relation of the entire refrigeration of iron and 


That the time of tho firſt refrigeration of cop - 
per is to that of gold: : 405 37, and :: 124: 114 
for their entire refrigeration. E 
6. That the time of the firſt refrigeration of cop- 
per is to that of filyer :: 40, : 34, and: : 124: 97 
for their entire refrigeration. ' | * 
7. That the time of the firſt refrigeration of cop- 
per is to that of tin : : 403: 21 by the preſent expe- 
riments, and : : 43z: 22 by the preceding ones 
(art. vi.) Thus we ſhall haye by adding thoſe times, 
84 to 431 for rhe ſtill more. preciſe. relation of their 
firſt refrigeration, and for the ſecond the relation 
given by the preſent experiments bcing : : 124 : 61 2 
an 
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and :: 123: 5rbythepreceding experiments(Art.vi) 
we ſhall have by adding theſe times, 247 to 123 for 
the ſtill more preoiſe telation of the entite teftige- 


ration of copper ahd tin ĩ 
8. That the time of the firſt refrigeration of gold 
is 10 that of ſilver :: 37: 345 and: : 114: 97 for 
their entire refrigeratio ëꝶ ·́q r int 1; 
9. I bat the time of the firſt refrigeration of gold 
is to that of tin :: 37: 21; and: 2 214 2 61, for 
their entire refrigeration. p17 ; $5: 
2519. That chettime of the firſt refrigeration of ſilver 
is to that of tin: 3421, and : 197: 61 for their 
entire refrigeration; 510 ne 
e ed d 4 % 
HFlaving placed in the fame oven five bullets, their 
refrigeration. was in the following proportions. 


„ 
* 


In ne * | | n 
Gealed fo as to be held in the | Cosled to the temperature. 
fand half u ferende i 1 OR 2 
1 n :: % Mi 
3 in „ 5 In 1 
iſmuth in . 
ead.in ag EE | 8 1 In T* 4 15 
inc in „ . =- ,+ - - 0 
Emerald in 1 In 75 


l 
Having repeated this expetiment with a ſtronger 


Kees ot heat, and in which tin and biſmuth melted; 


1 
E 
* 
' 
fs. > 
* Es 
4 0 
0 
S 


' 
, 
4 
4 
1 
93 
13 


- 


the other bullets cobled in the following progreſſion, | 


Min, Lo + Ion + | fide 
: 1 28 1 
5 
„ 2 wo” 4 44 
In 


bl. a ſecond. 
Antimory iv 7. In 
Lead itt - - 2 In 
Zinc in os 
Emerald in 16 


tz 
15 
1 
' 
[ 


1 
wy. 
+ 
— 2 
— 
1 


3 
— 
£ 
„ 
' 
[8 
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In the ſame oven, and in the ſame manner ano- 


ther bullet of Biſmuth was placed, with fix othet 
bullets which cooled in the fo following ee | 


So as to be held in the hand. T0 the temperature. | 4 
| m. Min. 
Antimony in 5 ou — < 23 
Biſmuth in- 6 Ia 286 
Lead in'- - - 7 In 28 
Sil cer in 5, > 91 In 9 19017 * 30 
Zincin - - 10 lin 32 
Gold in - - - 111 la 34 
Emery ,+- 131 ln — + #' 39 
XV. front 


Having repeated this experiment with * fame 
ſeve en bullets, they cooled i in the following order. 


So as to be held in the hand. | To te temperatire. 4 

| Min, in. 
Antimony in — 64 1 inn 23 
Biſmuth, -, iin 31 
FF 
Silver, - '- 114 In SY 2 =, ie ii. 
Zinne 133, nn 38 
Gola. ef f n e 18 
Emery — — IF . AP. — — 44 


All hate” 8 were R with 4 care, and 
in the preſence of two or three perſons, who like me, 
judge by the touch, and holding the different bullets, 
in their hands for half a a CRT g therefore r may he 
concluded, | 

1. That the time of the firſt refrigeration * eme- 
ry is to that of gold: : 283: 25, and .; 183 73 
for their entire refrigeration. | 
Vol. V. * | 2. Thar 


n =_ amen: er 2 nents ; = 1 - 06. ws 
RES Ber peel 


. 
TTT 

0 ERIE. ==>. Aa 
* „ 


n 


— 
AE ED” 
— 


N r : * 
n 
22 . Og 


_—__ — 
4 & eat 


„ 


A — — — is n 1 
nr 4 4? 23 72 2 * 9 
* * * 2 1 Y 4 Bot 
— —ꝛxꝛ2a—ͤ ua * | 2 * 


r 
— 


r 2 


1 2 * 5 s * * ” . 2 * 2 — - = 
0 4 4 ” - „ Wo . = 
WAS. 4 „* " : Za ed — 2 nf 41 - »S - 7 - YT . —_ — 4 

* , 4 4 , . ; . = 2 9 — 5 * 4 — - 

. t 1 " 1 * 3 . 22 x al © 4 * * n 7 « — * 22 RR 2; * 1 — = — , 3 — 7 n Ky — * * — 3 
n . r 8 * WET * 1 n Y : ng x "65 p 6 1 D . - L Vir” — . _— 
242777 . xt 2 e 48. pe ; is I lr eas FA AT, rote LET IR he n 8 — e 3 0 
4 * 2 =» * * . 8 a 2 — re 3 — * ; 2 - . r 
Pt. oh Po. Wy 3 . — 1 a — Z * 
— 8 5 
— — —— — * 2 a a — — ſono — - * 3 5 = AER 65 8 — — 4 . a7 
* 5 — * 8 _ ; "2 — * — 33 hs a - * 
* _ _— _ 83234 ASHES. +: ot pY * 7 


Fats art 
or 2's — x 7 : 4 F a: 
. Vw A 5 ERIE 


— — 
42 3 


$344 
+ eg Re 
3. F-19477 

I 


—_— — — 2 — 


2 2 

27 — Sa * * 
1 * 
8 


³ ¶ ðuX ISO 


— — 
- 


Pe 8 
| wo ” * Py 3 * 
* 1 I 7 þ — 9 Rig . * £4 - * py CY 
l 6 mn - a \ Ur ew — 2 
* £ - . - 
hy * — * 8 
8 1 - — 4 > —— 
r 2 
1 — — 


82 NATURAL HISTORY, 


2. That the time of the firſt refrigeration of eme- 
ry is to that of zinc: : 56 : 484, and: 3171: 144 
for their entire refrigeration. 

.. That the time of the ſirſt refeigeration of crhe- 
ry is to that of filver : : 284: 21, and: : 83: 62 
for their entire refrigeration. 

4. That the time of the firſt refrigeration of eme- 
ry. is to that of lead: : 56: 324, and ::: 171: 123 
for their entire refrigeration. 

That the time of their firſt refrigeration of eme- 
ry is to that of biſmuth: : 40: 204, and: : 121: 
80 for their entire refrigeration. 

6. That the time of the firſt refrigeration of * 
ry is to that of antimony :: 56 : 264, and: 
the temperature:: 171: 

That the time of the firſt refrigeration of gold 
is to that of zinc: : 2 52243 * 73 : 70 for their 
entire refrigeration, Ty 

8. That the time of the firſt refrigeration of gold 
is to that of filver: :25 : 21, and: : 37 : 34 by the 


preceding experiments (Art. x1.) Thus we ſhall have 


by adding theſe-times, 62 to 55 for the more pre- 
ciſe relation of their firſt refrigeration, and for the 
ſecond the relation given by the preſent experiments, 
being: : 73 : 62, and : : 114 : 97 by the preceding 
experiments (Art. ix.) we ſhall have, by adding 
theſe times, 187 : 159 for the more preciſe relation 
of their entire refrigeration. 

That the time of the firſt refrigeration of gold 
is to that of lead : : 2 5 :15, and: : 73: 57 for their 
entire refrigeration. 


10. That the time of the firſt refrigeration of gold 


is to that of biſmuth : : 25: 133, and :: 7356 


for their entire refrigeration. 


11. That the time of the firſt refrigeration of gold 
is to that of antimony : : 25: 124, and: : 73 : 46 
for their entire refrigeration, 


x2, I hat 


— — 
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12. That the time of the firſt refrigeration of 
zinc is to that of filver : 24 21, and : 3 : 704 62 
for their entire refrigeration. Eg 

13. That the time of the firſt refrigeration. of 
zinc is to that of lead : : 48 4322, and : 144: 
123 for their entire refrigeration. | 

14. That the time of the firſt refrigeration of HG. 
is to that of biſmuth : : 344 : 204, and : : 100: 80 
for their entire refrigeration. 

15. That the time of the firſt refri 1725 of zinc. 
is to that of gry 2 484 ; 2 and to the 
temperature:: 144 : 

16. That the time of the firſt refrigeration-of'fil- 
ver is to that of biſmuth : : 21: 134, and 62 e 
for their entire refrigeration. 

17. That the time of the firſt refrigeration of fil 
ver 1s to that of antimony : 21: 124, and: 62 5 
46 for their entire refrigeration. Hof 

18, That the time of the firſt refrigeration of 
lead is to that of biſmuth: : 23: 204, and drt 80 
for their entire reftigeration. 

19. That the time of the firſt ee of lead 
is to that of antimony : : 4242 261, and to the tem- 
perature:: 123: 99 

20. That the time of the Grit refrigeration of biſ⸗ 
muth is to that of antimony : : 20 191, and 
80: 71, for their entire refrigeration. 5 

I muſt obſerve that in general in all theſe experi- 
ments, the firſt relations are much more juſt than the 
laſt, becauſe it is difficult to judge of refrigeration to 
actual temperature, and that this temperature be- 
ing variable, the reſult muſt alſo vary, whereas the 
point of the firſt refrigeration may be caught juſt 
enough by the ſenſation, which the heat of the bul- 
let produces on the hand, where it can be held ar 
touched for half a VOOR together. 


XVI. 
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58 As there were only two experiments for the com- 
1 pariſon of gold with emery, zinc and lead, biſ- 
"RM wuth and antimony, that the biſmuth being en- 
Bl tirely melted, and the lead and antimany very much 
N damaged: I made uſe of the bullets of biſmuth, an- 
M0 timony and lead; and, I made a third experiment, by 
1 ting together theſe two bullets in the ſame well - 
I cated oven; they cooled in the following order: 
my Ss as to be held in the hand | To the temperature. 
1 1 ORs 8 Mis. Min. 
li i Antimony in 7 nnn - - 27 
RA Bigmuth inn 8 ln 29 
1 F rr 33 
15 Gold in — 13 In A OR - | | 
100 JJ 
. Frem hence it may be concluded, 1. That the 
"HEM time of the firſt refrigeration of emery is to that of 
64 gold 5; 44 ; 38, and to the temperature : p31 ; 
1 E 3 Er e ee 
1 lt , 2. That the time of the firſt refrigeration of eme- 
16:3 ry is to that of ine: : 151: 12; but the relation 
Wit. found by the preceding experiments (Art. xv.) be- 
1 ing ;: 56; 481, weſhall have by adding theſe times, 
| jt 71 to 60 for their firſt refrigeration ; and for the 
— fecond, the relation found by the preceding experi- 
11:8 ments (Art. xv.) as 171 to 144; thus, by addin 
| 380 [ rheſe times, we ſhall have 239 to 181 for the ſtil 
4:00 more preciſe relation of the entire refrigeration of 
1 emery and zinc. e eee vi 
1 3. That the time of the refrigeration of emery 
5 19 te that of lead : 5 154 : 9 by the relation found by 
4 7 the preceding experiments (Art. xv.) being: : 56; 
TY 321 thus we ſhall have, by adding theſe times, 
1M N 712 
We 
| | 


in 
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71 to 414 for the more preciſe relation of their firſt 
refrigeration ; and for the ſecond, the relation given 
by the preceding experiment being: 48: 33, and 
by the preceding experiments (Axt. Xv. ):; 171 :223. 
we ſhall have, by adding theſe times, 239 to 156 
for the ſtill more preciſe relation of the entire refri- 
geration of emery and lead. 

4. That the time of the refrigerdtion of emery is 
to- that of biſmuth : : 1 515 8, and by the preceding 
experiments (Art. xv.) : : 40: 2035; thus we ſhall 
have, by adding theſe times, 554 to 284 for _ 
more preciſe relation of their firſt refrigeration; 
for the ſecond, the relation given by t — ex- 
periments being : : 48 : 29, and: : 121: 80 by the 
preceding experiments (Art. xv.) we thall have, by 
adding theſe times, 169 to 109 for the ſtill more Pee 


eiſe relation of the emery and biſmuth. 


5. That the time of the firſt refrigeration of eme- 
ry is to that of antimony:: 15 : 7; but the rela- 
tion given by the preceding experiments (Art. xv.) 
being : : 56 : 264, we ſhall have, by adding theſe 
times, 219 to 126 for the ſtill more preciſe relation 
of the entire refrigeration of emery and antimony. 

6. That the time of the firſt refrigeration of gold 
is to that of zinc :: 38: 36, and: : 115: 107 for 
the entire refrigeration. 

7. That the time of the firſt refrigeration of gold 
is to that * lead: : 38: 24, and to the e 

1178. 

8. That the time of the firſt refrigeration of gold 

to that of biſmuth: : 38: 214, and to the tem- 
, Frature : : 115: 85, 
1. That the time of the firſt refrigeration of gold 


is 1 that of d. gh 389 194.1 and to the tem- 
Pefure: : 11 


10 That the time of the firſt refrigeration of Zinc 
is to ut of lead: : 12: 9 ; but the relation found by 


the epreding experiments (Art, xv.) being: : 484 
: 323 
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: 324, we ſhall have, by adding theſe times, 604 to 
41 for the more preciſe relation of their firſt refri- 
geration; and for the ſecond, the relation given by 
the preſent experiment : : 37 : 33, and by the pre- 
ceding experiments (Art. xv.) :: 144: 133; we 
ſhall have, by adding theſe times, 181 to 156 for 
the ſtill more preciſe relation of the entire refrigera- 
tion of zine and lead. | Er 

11. That the time of the firſt refrigeration of zinc 
is to that of biſmuth : : 12 : 8 by the preſent experi- 
ment; but the relation found by the preceding expe- 
riment being (Art. xv.) : : 344 : 204; by adding 
theſe times, we ſhall have 464 to 284 for the more 
preciſe relation of their refrigeration ; and for the 
fecond, the relation given by the preſent experiment 
being : : 47 : 29, and by the 2 experiments 
(Art. xv.) :: 100: 80; we ſhall have, by _— 
theſe times, 137 to 109 for the ſtill more preciſe 
relation of the entire refrigeration of zinc and biſ- 
muth. | 62 

12. That the time of the firſt refrigeration of zinc 
is to that of antimony : :12 : 7 by the preſent expe- 
riment; but as the relation found by the preceding 
experiments (Art. xv.) is:: 484: 264, we ſhall 
have, by adding theſe times, 604 to 331 for the ſtill 
more preciſe relation of their firſt refrigeration ; and 
for the ſecond, the relation given by the preſent 
experiment being : : 37: 27, and: : 144 : 99 by the 
preceding experiments (Art. xv.) we ſhall have, by 
adding theſe times, 181 to 126 { the more preciſ 
relation of the entire refrigeration of zinc and an- 
mony. | 

13. That the time of the firſt refrigeration of ad 
is to that of bitmuth : : 9: 8 by the preſent everi- 
ment, and: : 23 : 204 by the preceding ones Art. 
xv.) thus we ſhall have, by adding theſe:imes, 
32 to 284 for the more-preciſe relation of ir firſt 
refrigeration ; and for the ſecond, the relarn es 
4 y 
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by the preceding experiments (Art. xv.) we ſhall 
have, by adding theſe times, 117 to 109 for the 
more preciſe relation of the entire refrigeration of 
lead and biſmuth. | 

14. That the time of the firſt refrigeration of lead. 
is to that of antimony :: 9:7 by the preſent expe- 
riment, and :: 324: 2604 by the proceding experi- 
ments (Art. v.) : thus, we ſhall have, by adding 
theſe times 414 to 331 for the more preciſe relation 
of their firſt refrigeration ; and for the ſecond, the 
relation given by the preſent experiment : : 33: 27. 
and ::123 : 99 by the preceding experiment, 
(Art. xv.) we ſhall have, by adding theſe times 159 
to 126 forthe more preciſe relation of the entire te- 
irigeration of lead and antimony. 

15. That the time of the firſt refrigeration of biſ- 
muth is to that of antimony ::8 : 7 by the preſent 
experiment, and : : 205: 19 by the preceding ones 
(Art. xv.) thus we ſhall have, by adding theſe times 
284 to 26 for the more preciſe relation of their farſt 
refrigeration ; and for the ſecond, the relation given 
by the preſent experiment, being: : 29: 27, and 
: : 80: 71 by the preceding, we ſhall have, by ad- 
ding theſe times 109 to 98 for the more preciſe re- 
lation of the entire refrigeration of biſmuth and an- 


timony. 
XVII. 

As there were but two experiments for the com- 
pariſon of ſilver with emery, zinc, lead, biſmuth, 
and antimony, I made a third, after the preceding 
methods ; they cooled in the following order : 


So as to be held in the hand | To the temperature. 
half a ſecond. 

Min, Mio. 
Antimony in 5 1 on. . - 29 
Biſmuth in #7 In 238 
Lead in - 83 In - — 34 
Silver in = — 112 In . 0 - 36 
Zinc in — - 12z| In - 8 - 39 
Emery in 151 In - - 47 
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From this experiment it muſt be concluded, and 
from thoſe of articles xv. and xvi. 1ſt. That the time 
of the firſt refrigeration of emery is to that of zinc, 
by the preſent experiment, : : 154 : 121, and : : 


£ 


14 : (of by the preceding (Art. xvi.) thus, we 


ſhall have, by adding theſe times 83 to 73 for the 
more preciſe relation of their firſt refrigeration; and 
for the ſecond, the relation given by the preſent ex- 
periment, being: : 47 to 39, and by the preceding 
ones, (Art. xvi.) :: 239: 181, we ſhall have, by 
adding theſe times 286 to 220 for the more preciſe 
relation of the entire refrigeration of emery and 
zinc. 
2. That the time of the firſt refrigeration of eme- 
ry is to that of ſilver: ; 44: 324, and: : 130: 90 
for the entire refrigeration. | 
3. That the time of the firſt refrigeration of eme- 
ry is to that of lead: : 15, : 84 by the preſent ex- 
periment, and: : 718: 414 by the preceding experi- 
ments (Art. xvi.) thus we ſhall have, by adding 
theſe times 87 to 494 for the more preciſe relation 
of their firſt refrigeration ; and for the ſecond, the 
relation given by the preſent experiment being 
: 47: 34, and: : 239 : 156 by the preceding expe- 
riments (Art. xvi.) we ſhall have, by adding theſe 
times 286 to 190 for the more preciſe relation of the 
entire refrigeration of emery and lead, | 
4. That the time of the firſt refrigeration of eme- 
ry is to that of the refrigeration of biſmuth : : 154 : 7 
by the preſent experiment, and : : 554 : 284 by the 
preceding experiments (Art, xvi.) thus we ſhall 
have, by adding theſe times 71 to 351 for the more 
preciſe relation of their firſt refrigeration ; and for 
the ſecond, the relation given by the preſent expe- 
riment being : : 47 : 31, and : : 169 to 109 by the 
preceding experiments; we ſhall have, by adding 
theſe times 216 to 140 for the more preciſe relation 
of the emery, and of biſmuth. 
5. That 
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. That the time of the firſt refrigeration of the 
emery is to that of antimony : : 154 : 6 by the pre- 
ſent experiment, and : : 714 : 334 by the preceding 
ones ; thus, by. adding theſe times, we ſhall have 
$7 to 393 for the more preciſe relation of their refri- 
geration ; and for the ſecond, the relation given by 
the preſent experiment, being : : 47 : 29, and by 
the preceding : : 219 : 126, we ſhall have, by ad- 
ding theſe times, 266 to 155, for the more preciſe 
relation of the entire - refrigeration of emery and 
antimony. | | Den 
6. That the time of the firſt refrigeration of zinc 
is to that of ſilver:: 36: 321, and :: 109: 98 for 
their entire refrigeration. 3 
7. That the time of the firſt refrigeration of 
zinè is to that of lead :: 125: 84 by the preſent. 
experiment, and : : 604 : 44 by the preceding; We 
ſhall have, by adding theſe times, 73 to 43, for 
the more preciſe relation of their firſt refrigeration 3 
and for the ſecond, the relation given by the preſent 
experiment being : : 39 : 33, and by the preceding 
::: 181 : 156 3 we ſhall have, by adding theſe times, 
220 to 189, for the more preciſe relation of the entire 
refrigeration. of ,zinc and lead. (6k | 
8. That the time of the refrigeration of Zinc is 
to that of the refrigeration of biſmuth : : 124+: by 
the preſent experiment, and 465: 283 by the pre- 
ceding ; therefore, we ſhall have, by adding theſe 
times, 59 to 352, for the more preciſe relation of 
their firſt refrigeration. ; and for the ſecond; the re- 
lation given by the preſent experiment being: : 39: 
31, and :: 137: 109 by the preceding; we ſhall 
have, by adding theſe times, 176 to 140, for the 


more preciſe relation of the entire refrigeration of 
Zinc and biſmuth. 1 


9. That the time of the refrigeration of zie is 


to that of antimony : : 124 : 6 by the preſent expe- 


riment, and : : 601: 331 by the preceding; thus 
Vo. v. IE 
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we ſhall have, by adding theſe rimes, 73 to 394, for 
the more preciſe relation of their firſt refrigeration ; 
and for the ſecond, the relation found by rhe preſent 
experiment being :: 39 :29, and : : 181: 126 by 
the preceding experiments; we ſhall have, by ad- 
ding theſe times, 220 to 155, for the more preciſe 
relation of the entire refrigeration of zinc and anti- 
FWW . 

10. That the time of the refrigeration of filver is 
to that of lead: : 32: 255, and :: 99: 90 ſor their 
entire refrigeration. | op oye! 

11. That the time of the refrigeration of fil- 
ver is to that of biſmuth :: 325 : 204, and:: 98: 
87 for their entire refrigeration. | 

12. That the time of the refrigeration of filver 
is to that of antimony : : 321: 183, and ::98: 75 
for their entire refrigeration. | 2 85 

13. That the time of the refrigeration of lead 
is to that of biſmuth : : 84: 7 by the preſent experi- 
ment, and : :33 : 284 by the preceding; we ſhall 
have, by adding theſe times, 404 to 331, for the 
more preciſe relation of their firſt refrigeration ; and 
for the ſecond, the relation given by the preſent ex- 
periment being : : 34: 31, and:: 117: x09 by the 
preceding; we fhall have, by adding thefe times, 
141 to 140, for the more preciſe relation of the entire 
refrigeration of lead and biſmuth. 

14. That the time of the refrigeration of lead 
is to that of antimony : : 84: 6 by the preſent expc- 
riment, and by the preceding: : 414 : 331; thus we 
ſhall have, by adding theſe times, 493 to 391, for the 
more preciſe relation of their firſt refrigeration; and 
for the ſecond, the relation given by the preſent 
experiment being: : 34. 29, and :: 156 : 126 by 
the preceding; we ſhall have, by adding theſe times, 
190 to 155, for the more preciſe relation of the entire 
refrigeration of lead and antimony. 


15. That 
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15. That the time of the refrigeratian of biſmuth 
is to that of antimony : : 7 : 6 by the preſent expe- 
riment, and : : 28: 26 by the preceding; thus we 
ſhall have, by adding theſe times; 351 32, for the 
more preciſe relation of their firſt retrigeration ; and 
for the ſecond, the relation given by the preſent ex- 
periment being: : 31: 29, and 7: 109: 98 by the 
preceding; we fhall have, by adding thefe times, 
140 to 127, for the more precile relation of the entire 
refrigeration of biſmuth and antimony. | | 


| ET OTA 7, 8 

There was put in the ſame oven a bullet of glaſs, 
another of tin, one of copper, and one of iron, and 
they cooled in the following order: 


Cooled ſo as to be held in the | Cooled to the temperature. 
hand for half a ſecond. 6 Toe 

Min, | Min 
An dee e 
Glaſs in 9814 la Lan 
Copper in - 14'|In - = - 42 
, caenten  _ 

XIX. 


The fame experiment being repeated, cooled in 
the following order. EPA. in 


Cooled fo as to be held in the | Conled to thetemperature. 
hand for half a ſecond, | wit 
2 5 Min. | Min. 
Tin in - - - - 724lIin- + - - - 21 
Glaſs in - 8 [In +» > - 23 
Copper in - - - 12 In - - 36 
r 


XX. - ig 
By a third experiment, the bullet being kept hot 
* 
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a longer time, but in a flower heat, cooled in the 
following order: tx} | | | C21 
So as to be beld in the hand, To the temperature. 
Half a ſecond. pry pe HONED of 51 


Min: 261 „c be 
Tin in e 81 In T.- o Pin or Boo Becſry 
Glaſs in ME SES hs 9 In NaN ar 24 
Copper i⸗ - 13 lflnn » + 43 
Iron 8 bd J In r AC 


By a fourth experiment, the ſame. bullets heated 
by a fierce fire, cooled in the following order ; 


Cooled fo as to be held in the Cooled to the temperature. 
hand half a ſecond, *% | 9 i 

3 in. Min, 

—_ BHI. , 
Glakin - - - g/|In - - - - - 23 
Copperin - - - 11f}In < + -. - < 35 
Iron in . In e . Ar ods 


From theſe repeated experiments there reſults, 
1. That the time of the firſt refrigeration of iron is 
to that of copper: : 62: 524 by the preſent expe- 
riment, and: : 99: 8651 by the preceding (Art, xi.) 
thus we ſhall have, by adding theſe times, 161 to 
178, for the more preciſe relation of their firſt refri- 
geration; and for the ſecond, the relation given by 
the preſent experiment being: : 186 : 156, and by 

the preceding : : 280: 249; we ſhall have, by 
adding theſe times, 466 to 405, for the more preciſe 
relation of the entire refrigeration of iron. and cop- 

_— | | | 
f 2. That the time of the refrigeration of iron is 
to that of copper: : 62 : 344, and: : 186 : 97 for 
their entire refrigeration. | 


3 That 
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3. That the time of the refrigeration of iron is to. 
that of tin: : 62: 324 by the prefent experiments, 
and : : 694: 32 by the preceding; thus we ſhall” 
have, by adding theſe times, 1313 to 644, for the 
more preciſe relation of their firſt refrigeration ; and 
for the ſecond, the relation given byt e preſent ex- 
periments being: : 186;:'92, and: 274: 134 by 
the preceding; we ſhall have, by adding theſe times, 
460 to 226, for the more preciſe relatien of the en- 
tire refrigeration of iron and tin. | 

4. That the time of the refrigeration of, eopper is 
to that of glaſs ; ; 514 373486 ang : : 157 ::97 for 
their entire refrigeration; , - | rant Gafty 

5. That the time of the refrigeration of copper is; 
to that of tin: : 524 : 324, by the preſent experi- 
ments, and : : 84 : 431 by the preceding; thus we 
mall have, by adding theſe times, 136+ to 76 for 
the preciſe relation of their, firſt, refrigeration ; and 
for the ſecond, the relation given by the preſent-ex-: , 
periment being : : 157 : 92, and by the preceding 
: 247; 132.3 we ſhall have, by adding theſe times, 
136 to 70, for the preciſe relation of their firſt refri- 
geration ; and for the ſecond, the relation given by 
the preſent experiment 'being : :457 : 92, and by 
the preceding : : 247 : 132; we ſhall have, by ad- 
ding theſe times 304 to 224 for the more preciſe rela- 
tion of the entire refrigeration of copper and tin. 

6. That the time of the refrigeration of glaſs is to 
that of tin :: 244: 324, and: : 97: 92 for their 
entire refrigeration. | | 

XXII. | 


Bullets of gold, glaſs, porcelain, gypſum, 3 


gres, were heated together, and cooled in the fol- 
lowing order: 3 3 


Cooled ſo as to be held in the |Cooled to actual temperature. 
hand for half a ſecond. . | 

- Mia. Min. 

Gyplumin - - 8 In $12: "gas 

Porcelain in - — 8z|In ” = 25 


Glaſs 


180 the following order : 9 
Coaled fo as 16 de ell in ihe 
and half @ ſecond. ol 
Gypſum 3 ane S 27 
Porcelain in 5 
Glaſs in 8 
Gres in 82 
Gold i bs oe HOPE IEe 


that of glaſs is:; 38: 275 


entire refrigeration. | 


3. That the time of the 


lets, cooled in the following order 


The fame experiment repeated, ide bullet cooled 


that of porcelain : : 38 : 21, and: 
their entire refrigeration, - 


# 
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945 
* eee ne- 1 26 
Jes in Ado. If logs oo - 32 
Goldin We; 13 3 . "5 Seer 
bas 11 13 XXIII. 0 66s! | 
4 he 2 experiment repeated, on Tel bene bul · 


{ 14 II 11 


cal as toly held in the | |. ald to the  tmperatie. 
. ee eee n Zol 8 
m. a 1 in, 
Gre e e ! 
Porceldin in 7 jn 24 
Glaſs 1 in — * — 94 In A 1283 5 n 24 
210 8151 19983 10 7 2113 3 | 
e 
Gold in W * 133 In 28 1 fil . 
JJ F 
2 * (07 "I; z. l | Wer: 


% »* EF 


? "Gat ; W the klau, "re 


2 Min. 
In - e 22 
In 88 — 19 
bn pos 7 nll 2285 330 
o 
In - - - 59382 


e theſe inch experiments there reſults, 
1. That the time of the refrigeration of gold is to 


that of gres:: 38: 28, and: 118 90 for their 
entire refrigeration. | 
2. That the time of the refrigeration of gold to 


fo 


refrigeration of gold is to 
: 118 : 66 for 


4. That 


and: : 118: 70 fo uy 
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4. That the time of the refrigeration of gold is to 


thar of gypfum :: 39: 122, and : 118: 39 for; 


their entire refri eration. 

That the time of the refrigeration of g res 1s to 
char of glaſs: 284: 27, and: 90: 70 or their 
entire refrigeration. 34 

6. That the time of the geg of gres is ta 
that of parcelain : : 284/421, and; ly 60 tor their 
entire refrigeration. | 

7. That the time of the: refrigeration of gres is tos 


that of gypſum : : 284 : gn 90: 39 for 9 
entire refrigeration. 3» 


8. That the time of the: refrigeration of glaſs is to 


that of porcelain: : 27: 21, and : 1285 66 tor their 
entire refrigeration. ; 


9. That the time of the refrigeration of glaſs i is. to 


that of gypſum : : 27 : 124, and:: 70.:39 for their 
entire refrigeration. a 


10. That the time of the refrigeration of porce- 
lain is to that of gypſum : : 21 : 124, and : : 66: 39 
for their entire refrigeration. | 


XXV. 


5 


Bullets of filver, common marble, hard ſtone, | 


white marble, and ſoſt calcareous ſtone of Amienes, 
near Dijon, were heated like the former. 


Cooled ſo as to be held inthe | Cooled to temperature. 
hand half a ſecond. * 
Min. . . 


Soft calcareous ſtone in 8 jIn - - - 235 
Hard ſtone in 10 In 34 
Common marble in '11 Inn 35 
White marble in- 12 jIn - - - - 36 
Silver in 13 lin 4 =- 40 
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Io cole 4 am; 1 
"The ſame experiment repeated, cooled as follows: | 


Coded / as to be held in the "Cooled to the temperature. 
bund half a ſecond. r 
a Min. | Min. 
Soft calcareous ſtone in 9 {In - £ * 27 


Hard ditto in 11 [In 37 
Common marble in 13 [In - '- 40 
White marble in- 14 ln 40 
Aver in - 90 16 In — - 43 


As the 3 repetition of theſe experiments 
are very long and no doubt tireſome to the reader, 
we ſhall here give the general table of theſe relati- 
ons all compared to 10000, ſo that the differences 
way be dee at one view. 


8 7 A L. * | | 
Of the Relations of different Mineral Subſtances. 


I R O N. : 
Entire 
| Firſt Refrigeration, Refrigeration, 
Emery . ,« 10000 te g1179—9020, 
-opper «. «. « 10000 to B8g12—8702, 
Gold ,. . 1000 to 8160—8148., 
Zinc . . . ® 8 


10000 to 7654—6020, 
6804 
Silver -. -+ 10000 to 7619—7423. 
Marble white. . 10000 to 6774—6704. 
Marble cemmon . . 10000. to 6636— 6746. 
stone calcareous hard 10000 to 6617—6274. 
Iron and Gres 0000 to 37966926. 
SEE Glaſs . . 10000 to $576—g805.. 
Lead 10000 to 5143=6482, 
Tin 10000 to 4898—4921, 
Stone calcareous ſoft 10000 to 4194—4659. 


LEY oo” of fe 10000 to 4198—4490. 
- Biſmuth ., +. 10000 to 3580-—go081, 
Chalk 


10000 to 3086—3878. 
« 10000 to 2325— 2817. 
» 10000 to 1890—1 594. 
« 10000 to 10625—12638, 

E 34 E- 


Gum 1 
| Wood os as 
Pumice ſtone , 


Ld 
o 
0 
. 
- 


E. ME N 
| Entire refrigeration. refrigeration. 


— 


| {Cop 1 * 


Go = 


Zine 8 


„„ 


paiery and ( 


Fopper and | 


Gold and * 


r 


t 


r 


Marble common 
„ 

Glas 
Lead #0 IS 


Tin Sid 


* 
. 


„„ 
Lead 1 
Zinc "BEE Tue Ir 
Glay .- ++ « 
; Bifmuth 5 6 0 
Antimony #4 044 
Oker t 
„* © 's © 
Gypſum . . + 
Wood . 
De 
/Gold 5 


. 
* 

* 

* 


Stone calcateous harl 


10000 


10000 
10000 


10009 
10000 
ooo 


wy I 0000 


oy = - = 6... © % -. © .* - 


10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10990 


E R. 


10000 


10000 
190000 
10000 
I 9900 


' 10000 


I 0000 
10000 


Stone caleareous tender 19990 


97 
Firſt 


to 8519—8148. 
to 8513 —8 560. 
to 8390—7692. 
7458 

to 7778-7895. 
to 7304-6963. 
to 6882—6517. 
to 6862 —5 505. 

to 57186643. 
to x 1 
to 51868— 5185. 
to 4949-6660. 
to 4259—3827. 
to 3684— 405. 
to 2368 —2947. 
to 1852—3140. 


to 9136-9194. 
to 857 19250. 
7619 
to 8395 —7923. 
to 76398019. 
to 73338160. 
to 6667 —6567. 
to 61797367. 
to 5746—6916. 
to 51685633. 


Clay : . 0000 to 5652-6363. 
F 10000. to 5680-5959. 
Antimony . . 10000 to 5130-5808. 

[Oker 10000 to 5003-4697. 
Chalk . 10000 to 4068 —43068. 

901} 

„ o h ‚ W to 2474—9594- 
Silver « . T0000 to 8036—8686. 
Marble white . . 10000 to 8101-7863. 
Marble common . 10000 to 7342—743. 
Stone calgareous hard 100 to 7563718. 

N Gres 


Vor. V. 


28 


Ges | 45 . 


7 3 46 „ 10000 

| GER. » +. + 669 

„„ © 5" v 20086 

Tin e 

5 I Stone calcareous ſoft 10000 

ties 

Gold and „„ +. = © 20606 

TORS ..- '. i. rods 

Antrmony. . . . 10000 

7 is 1». » yours 

— < + {5 « 9660 
"AGyplum . . . 


Zine and , 


2 I .N 


ilyrer 


Marble white 


r 


TT; 4+ 


_ „ 


A.» i; » 
Biſmuth . . . 
Antimony . , 
Chalk . : . : 


zuver and. 


8 Gypſum 5 


ei 


Marble white . . 
Marble common . 


Stone calcareous hard 


T 
Glaus * - * .* 


Stone calcareous foft 


to 
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Firſt 


Entire refrigeration. refrigeration. 


to 7368—7627. | 
to 7103-5232. 
to 65 26—7 500, 

to '6324—06051. 
to 6087— 5811. 
to 5814-5077. 
5658-7043. 

5526— 8893. 
5395 —6348. 

53494402. 
4571-4452» 


to 
fo 
to 
to 


- 10009 to 2989—3293- 


. 10000 to 8904—8990. 


. 

„ 10000 
* 10000 
* 10000 


: 10000. 


10000 


10000 
10000 
10000 


„ 10000 


10013 

8306—8424. 
7191 

6242—7333- 
5838 


to 
to 


to bogt—7947. 
4940 

to 6777—6240. 
3666 


„7. 


41125 
to 5484—7459. 
ö 4573 
to $343—7 547+ 
4232 
4135 
to 3729 —5862. 
2618 


* 10000 to 3409—4261. 


2298. 


1000 to 868 1— 9200. 
» 1co00. to 7912-9040. 


10000 to 7436—8 880. 


+ 10000 to 73617767. 
100 to 7230—7212. 


Lead 


99 
Firſt 
Entire Refrigefation, Refrigeration, 
„ 7154—9184. 
| Tin: 10000 to 6176—6289, 
| Stone calcareous Toft 10000 to 6178—6289, 
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Clay «+ + + 10000 t0;b034—6710, 
Biſmuth . +» o» + 10000 to 6308—8877. 
| Porcelain . 10000 to g566—g242, 
er und. Antimony . . . . 10000 to — 
i Oker 10000 to 5000 — 5668. 
[Chalk 10000 to 4310 — 5000. 
Gypſum 10000 to 2879—3366. 

; Wood % RP > 


10000 to 2353—1864, 
Pumice-ſtone . . 10000 to 2059—=1525, 


MARBLE WHITE. 


Marble common . 10000 to 8992—9405. 
Stone hard. 10 to 8594—9130. 
les 2, Z '» fe o | SOR WS 8286—8990, 


.. 


Lace 10000 to 7604——6565.Ä 
Tin of” 6-8 


10000 to 7143---0792, 
Marble Stone calcareous ſoft 10000. to 6792---7218, 
white and "1. . Toooo to 6400---6286, 
f Antimony 10000 to 6286—6792, 


1 Gypſum . » Toooo to 4920— 5116. 
Wood 10000 to. 2200—2857. 


*, G » 10000 to 5400—5 571. 


MAR BI. E COMMON, 


Stone hard , , 10000 to 9483—96g55» 

Gres . 10000 to 8767q—9273- 

„„ 10000 to 7671—8 590. 

: A 10000 to 7424 —6666. 

. Marble Stone ſofft 10000 to 7327—7959., 

common and Clay 10000 to 72727213. 

Antimony . . . 10000 to 62798333. 

Oker 10000 to 61366393. 

Chalk . 10000 to 55816333. 
„ 


10000 to 2500-3279. 


STONE CALCAREOUS HARD. 


Gres . « 1000 to 9268-9355. 
grove hard 24} Gil » +» + » «+» 410000 to $710---8352, 


Lead , , , , . Yyoooo to 85717931. 
| * A Tin 
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* Entire Refrigeration. Refrigeraticn, 


ES} A | Clay . - „ 
Tin and , 4 Biſmuth , , 


L Antimony , 


» roooo 
„ „ Too 
10000 


Fi rſt 


Tin . 18000 to 80957931. 

Stone fie © : ; 10000 to 8000---80g5, 

gte. hard &. Clay . . . ; 10000 to 67906897. 
R 9 16000 to 4702---5517, 
(Wood. 10000 to 21954516. 
I in * 9324—7939- 

Lead , . 10000 to 8561—8ggo, 

Tin 8 . « 10000 to 756/—7633. 

2 | tone ſo . 10000 to 7647—7193. 

Grey and . n 10000 to 1304—7059, 

| Antimeny «. 10000 t0.7333---6170, 
| 'Gypfum . . . . 10000 to 4568---5000, 
| ood . . o o 0 10000 to 2368-4828, 
| | * +» + + 10008 to 9318-8548, 
: .. . To000 to 9107-8679. 
ä „foods to 7938---7643, 
N . 10000 to 76928863. 

| Glaſs and N „ T0000 to. 6289-6600. 
| ere „ rogop toi 6104---6195, 
| r T0000 to 41600011. 
| „ to 264/8814, 

1 

Tin 1 : : i + Joovo to 869 58333, 

Stone ſoft 10000 to 84377192. 

: : Clay 0 ” . * . 10000 to 7878---6536. 

14 „ Biſmuth , . . , 10000 to 8698---8750. 

Lead and 4 Antimony „ „ 10000 to 8241-8201. 
Oker . . . 10000 to 6060-7073. 

Chalk, , . , . 10006 to $714---6111, 

ypſum . . . , 10000 to 4736---5714, 


to 8823---9524. 
to 8889---9400, 
to 8710---9156. 

Oker 
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Firſt 
. * Entite Refrigeration. a 
(Oker „ + . 10000 to 5882---7619, 
* 1 R 10000 to 0364---6342, 
Gypſum m. . 10090 fa 4090---4922, 


STONE C ALC AREOUS SOFT. 


Antimony | 1000 to 7743---9545- 
oo ſoft & J Chalk. . 10000 to 7288-7312. 
Gypſum TS NA 3-345. 10000 to 4182-521 1. 


5 | 
Biſmuth , , . , roo00 to 8870-9419. 
| Oker .' . 10000 to 8400-8571. 
Clay and. (Chalk. . 0000 to 71-8000. 
Gypſum , . . . 30000. tO 51858068, 
Wood. ; 10000 t0 34374545. 


BIS MU T H. 
TOker . «+ T0000 to 93499572: 


Oker: 10000 to B846---7380. 
Chalk , , 10000 to 8620-9500 


P O R C E L AI N. 
Porcelain and Gypſum E 10000. to 5 308---6500, 
4 N TIMO N Y. 


Chalk , . > R 10000 to 8431-7391. 


o K E R. 


Chalk , , 10000 to $654---8889. 
Oker and | yp . + +» + | 10000 ta 6364---9062, 
( Wood , , . ; . 10000 to 4074---5128, 


5 TL 


Gypſum , « + 3 10000 tob667---7920; 


2 r — * 
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G Xr S U M. 


1 Firſt 
Enfire Refrigeration. Refrigeration, 


| Woed * 5 * «+ 10000 at 8000---5260, 
Gypſum and ; >< „ 10000 to 7000---4500, 


6 d 5 


| Pomice-ſtone* . : 1000 to 87 50-8182. 


However great aſſiduity I have uſed in my experi- 
ments, whatever care I had taken to render the re- 
lations more exact, I own that there are ſtill ſome 
imperfections in this Table which contains the whole; 
but theſe defects are trivial, and not much influence 


ide general reſults : for example, we ſhall eaſily per- 


celve, that the relation of zinc to lead being 10000 
to 6051, that of zinc to tin ſhould be leſs than 6000 ; 
whereas it is found 6777 in the Table. It is the 
fame with reſpe& to filver to biſmuth, which ought 
to be leſs than 6308, and ſtill more with regard of 

dto clay, which ought to be more than 8000, but 
in the Table only 7878; but this proceeds from the 
leaden and biſmuth bullets being not always the 
fame ; they melted as well as thoſe of tin and anti- 
mony, which could not fail of producing variations 
the greateſt of which are the three which I have juſt 
remarked. It was not poſſible for me to do better: 
the different bullets of lead, tin, biſmuth, and an- 
timony, which I ſucceſſively made uſe of, were 
made, in fact, in the ſame manner, but the matter of 
each might be ſomewhat different, according to the 
quantity of the alloy in the lead and tin; for I had 
only pure tin for the two firſt bullets : beſides, there 
remains very often a ſmall cavity in the melted bul- 
let, and thefe little cauſes are ſufficient to produce 
— differences which may be remarked in the 

able. | 


On the whole, to draw from theſe numerous ex- 


| periments all the profit that can be expected, the 


matters 
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matters which-compoſe:the object muſt be Ain 
into four claſſes, or different genus's. 


1. Metals. 2. Semi metals and metallic mine- 


rals. 3. Vitreous and vitreſcible ſubſtances. 4. Cal- 
careous and calcinable ſubſtances. To compare atf- 


terwards the matters of each genus between them- 


ſelves, to diſcover the cauſe or the cauſes of the or- 
der which follows the progreſs of heat in each, and, 


at laſt, to compare the genus's between each other, 
in order to deduce ſome general reſults. 


; WEIL | 
The order of the fix metals, according to their 
denſity, is tin, iron, copper, ſilver, lead, and gold; 
whereas the order in which theſe metals receive and 
loſe their heat is tin, lead, filver, gold, copper, 
iron, among which there 1s only tin which retains its 
lace. | 
a The progreſs and duration of heat in metals does 
not then follow the order of their denſity, if it was 
not for tin, which, being the leaſt denſe of all, is, 
at the ſame time, that which ſooneſt loſes its beat: 
but the order of the eight other metals demonſtrates 
that it is in relation of their fuſibility that all receive 
and loſe heat; for iron is more difficult to melt than 
gold, gold more than filver, filver more than lead, 
and lead more than tin; we muſt, therefore, con- 
clude, that it is only a chance if the denfity and fu- 


fibility of tin is here found united to place it in tho 


laſt rank. 


Nevertheleſs, it would be advancing too much to 
pretend that we muſt attribute all to fuſibility, and 
nothing to denfity, Nature never deprives herſelf 
of one of her properties in favour of another in an 
abſolute manner; that is to ſay, in a mode that the 
firſt had not any influence on the ſecond. Thus, 
denfity may be of ſome weight in the progreſs. of 
heat: but, at leaſt, we cannot pronounce affirma- 


tively, 


— ' ̃ 


7 —_ ws - a_ 
OTE PETS WIC TIT 
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— 
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tively, tant it is of very little in the ſix metals 
whereas fuſibility does almoſt all. | 

This firſt truth was neither knowi to the chemiſts 
nor phyſicians ; they did not even imagine that 
gold, Which is more than twice as denſe as iron, 
nevertheleſs, loſes its heat near a third ſooner. + It 
is the ſame with lead, filver; and copper, which are 
all denſer than iron, and which, like gold; heat 
and cool mote readily ; for; although the refrigera- 
tion in my ſecond Memoir is only queſtioned, the 
experiments of the preceding Memoir demonſtrate, 
that it is not to be doubted that there is an ingreſs 
of heat into bodies as well as its egreſs, and that 
thoſe which receive it the quickeſt, are, at the ſame 
time, thoſe that lofe it the ſooneſt. 

If we reflect on the real principles of denfity; and 
the cauſe of fuſibility, we ſhall perceive, that den- 


ſity depends abſolutely on the quantity of matter 


which Nature places in a given ſpace ; that the more 
ſne can make it enter therein, the more denſity there 
will be; and that gold, in this reſpect, is of all the 
ſubſtances, that which contains the moſt matter re- 
latively to its volume. It is for this reaſon that ir 
has been hitherto thought, that more time is 1 

quired to heat or cool gold than other metals: it is; 
in fact, natural enough to think, that containing 
double or treble matter under the ſame volume; 
double or treble time would be required to penetrate 
it with heat; and this would be true, if in every ſub- 


ſtance the conſtituent parts were of the ſame figure, 


and in conſequence of all, ranged the ſame. But 
in ſome, as in the moſt denſe; the molecules of mat- 
rer are, probably, of a figure regular enough nor to 
leave very void places between them: in others 
which are not ſo denſe, and their figures more irre- 
gular, leave more numerous and large vacuities; 


and in the lighteſt, the moleeules being few, and,; 
probably of a very irregulat figure, a — 


A 
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a thouſand times more void is found than plenitude; 
for it may be demonſtrated by other experiments, 
that the volume of even the denſeſt ſubſtance con- 
tains ſtill much more void ſpace than full mutter. 
Nou, the principal cauſe of fufibility is the fa- 
cility the particles of heat find in ſepatating theſe 
molecules of full matter from each other; let the 


ſum of the vacuities be greater or leſs, which cauſes 


denſity or lightneſs, it is indifferent to the ſeparation 
of the molecules which conſtitute the plenitude ; and 
the greater or leſs fuſibility depends entirely on the 
power of coherence which retains theſe maſſive parts 
united, and oppoſe themſelves more or leſs to their 
ſeparation, The dilatation of the total volume is the 


firſt degree of the action of heat; and in different 


metals it is made in the ſame order as the fuſion of 
the maſs, which is performed by a greater degree of 


heat or fire, Tin, which melts the readieſt of all, 


is alſo that which dilates the quickeſt; and iron, 
which is the moſt difficult to melt, is likewiſe that 
whoſe dilatation is the ſloweſt, | 

After theſe general notions which appear clear, 
preciſe, and founded on experiments which nothing 
can contradict, it might be imagined, that ductility 
follows the order of fufibility, becauſe the greater or 
leſs ductility ſeems to depend on the greatet or leſs 
adhefion of the parts 1n each metal ; nevertheleſs, 
this order of ductility in metals, ſeems to have as 
much connection with the order of denſity, as that 
of their fuſibility : I ſhould readily ſay, that it is in 


a ratio compoſed of the two others, but that it is 


only by eſtimation and a preſumption which is, per- 
haps, not founded ; for it is not fo eaſy juſtly to de- 
termine the different degrees of fuſibility, as thoſe of 
denfity ; and as ductility participates of both, and 
varies according to circumſtances, we have not as 
yet acquired the neceſſary knowledge to pronounce 


affirmatively on this ſubject, which is of ſufficient 
0 in. 
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importance to merit particular reſearches. The ſame 
metal treated cold or hot, gives quite different re- 
ſults, Malleability is the firſt mark of ductility; but 
it, nevertheleſs, gives us only one notion, imper- 
fect enough, of the point to which ductility may 
extend: nor can fimple lead, the moſt malleable 
metal be drawn into ſuch fine threads as gold, 
or even as iron, which is the leaſt malleable 
of all. Befides, we muſt aſſiſt the ductility of 
metals with the addition of fire, without which 
they become brittle: even iron, although the 
moſt robuſt of all, is brittle like the reſt. Thus, 
the ductility of one metal, and the extent of con- 
tinuity which may ſupport it, depends not only on 
its denſity and its fufibility, but alſo of the manner 
in which it is heated, of the ſlower or quicker per- 
cuſſion, and of the addition of heat or tre which 1s 

properly givento it. * * 
Now, if we compare the ſubſtances which we 
term ſemi metals and metallic minerals, which want duc- 

tility, we ſhall perceive, that the order of their den- 
fity 1s emery, zinc, antimony, and biſmuth ; and 
that in which they receive and loſe heat, is antimony, 
biſmuth, zinc, emery, and which does not in any 
- meaſure follow the order of their denfity, but rather 
that of their fufibility. The emery, which is a fe- 
ruginous mineral, although once denfer than biſ- 
muth, retains heat longer. Zinc, which is lighter 
than antimony and biſmuth, retains alſo heat a much 
longer time. Antimony and biſmuth, receive it and 
keep it nearly alike. There is, therefore, ſemi me- 
tals, and metallic minerals like metals: the rela- 
tion in which they receive and loſe heat, is nearly 
the ſame as that of their fuſibility, and partakes 
very little or not at all of their denſity. 

But by joining the fix metals, and the four ſemi 
metals, or metallic minerals, which I have tried, 
we 
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we ſhall find the order of the denſities of theſe ten 


mineral ſubſtances to be emery, zinc, antimony, 
iron, copper, biſmuth, filver, lead, and gold. 
And that the order in which theſe ſubſtances heat 
and cool, is antimony, biſmuth, tin, lead, filyer, 
zinc, gold, copper, emery, and iron, in which 
there are two things that do not appear to agree 
well with the order of fuſibility. 
Firſt, Antimony, which ſhould heat and cool 
flower than lead, fince we have ſeen, by the experi- 
ments of Newton quoted before, that antimony re- 
quires ten degrees of the ſame heat to fuſe it, as lead 
which requires only eight; whereas, by my expe- 
riments, .antimony is found to heat and cool quicker 
than lead, But we ſhall obſerve, that Newton made 
uſe of the regulus of antimony, and that I have em- 
loyed only melted antimony in my experiments. 
— the regulus of antimony, or native antimony, 
is much more difficult to fuſe, than antimony which 


has already undergone a firſt fuſion; thus, that does 


not make an exception to the rule, On the whole, 
I do not know what relation native antimony, or 
regulus of antimony, may have with the other mat- 
ters I have heated and cooled ; but I preſume, after 
the experiments of Newton, that it heats and cools 
flower than lead, | | 

| Secondly, it is pretended, that zinc fuſes more 
eafily than ſilver; conſequently, it ſhould be found 
before filver in the order indicated by my experi- 


ments, if this order was in all caſes relative to that 


of fuſibility; and I own, that this ſemi metal ſeems, 
at the firſt glance, to make an exception to this law 
which all the reſt follows: but it muſt be obſerved, 


that the difference given by my experiments between 
Zinc and ſilver is very trifling. Secondly, That the 
ſmall globe of filver which I made uſe of was of the 


« 
* 


pureſt filver, without the leaſt mixture of copper. 
4 hirdly, Although the little globe af zinc was given 
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me by one of our able chemiſts (Mr. Rouelle, pro- 
feſſor of chemiſtry in the ſchool of the king's gar« 
den), it perhaps was not abſolutely pure zinc, with- 
out any mixture of copper, or of ſome ather ſtill leſs _ 
fuſible matter. As this ſuppoſition remained to me. 
after all my experiments, I returned the globe of 
zinc to Mr. Rovelle, requeſting him to aſſure him- 
ſelf whether it did not contain iron, or copper, or 
ſome other matter which might oppoſe its fuſibility. 
The trials having been made, Mr. Rouelle found a 
pretty confiderable quantity of this iron, or ſaffron 
of ſteel, in this zinc. 

I have, therefore, had the ſatisfaction to ſee that 
not only my ſuppoſition was well founded, but alſo 
that my experiments have been made with ſufficient 
precifion to evince a mixture. Thus, zig alſo ex- 
actly follows the order of fuſibility, like the other 
metals and ſemi metals in the progreſs of heat, and 
does not make any exception to the rule, It cannot, 
therefore, in general be faid, that the progreſs of 
heat in metals, ſemi metals, and metallic minerals, 


is in the ſame ratio, or, at leaſt, in a very near ratio 
to that of their fuſibility. 


III. 
The vitreſcible, and vitreous matter which J 
tried, being ranged according to their denſity are, 
Pumice-ſtone, rock chryſtal, and gres: for J 
muſt obſerve, that, although chryſtal is not ſet 
down in the table of the weight of each matter but 
for 6 drams 22 grains, it muſt be ſuppoſed 1 dram 
heavier, becauſe it was inſenfibly too ſmall ; and it 
is for this reaſon, that I have excluded it from the 
general table of relations; nevertheleſs, the general 
reſult agrees with the reſt, ſo that I can preſent it. 
Here follows then the order in which theſe differs, 
ent ſubſtances are cooled, 


Pumice- 
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Pumice-ſtone, oker, porcelain, clay, glaſs, chryſtal, 
and gres, which, as is ſeen, is that of their denſity; 
for the oker is not here found before the porcelain, 
becauſe that being a fuſible matter, it diminiſhed 
by the friction it underwent in the experiments, 
and beſides, its denfity differs ſo little from porcelain, 
that it may be looked upon as equal. d 

Thus the law of the progreſs of heat in vitreſeible 
and vitreous matters is relative to the order of their 
denſity, and has but little or no relation with their 
fuſibility, by the reaſon required to fuſe all theſe 
ſubſtances, which is an almoſt equal degree; and 
that the particular degrees of their different fuſibility 
are ſo near each other, that a compound order of 

diſtinct terms cannot be made: thus, their almoſt 
equal fuſibility, making only one term, which is the 
extreme of this order of fuſibility, we muſt not be 
aſtoniſhed that the progreſs of heat here follows the 
order of denſity, and that theſe different ſubſtances, 
which are all equally difficult to fuſe, heat and cool 
more lowly, and quicker in proportion to the matter 
which they contain, 8 

It may be objected, that glaſs fuſes 'more ey 
than clay, porcelain, oker, and pumice-ſtone, which, 
nevertheleſs, heats and cools in leſs time than glaſs ; 
but the objection will fall, when we ſhall reflect, 
that to fuſe glaſs it is requiſite to have a very fierce 
fire, the degree of which is ſo remote from the de- 
grees of heat which glaſs receives in our experiments 
on refrigeration, that it cannot have any influence 
on theſe. Befides, by powdering clay} porcelain, 
and pumice-ſtone, and giving them thgre analogous 
fuſers, as we give to ſand to convert it into glaſs, it 
is more than probable that we ſhould fuſe all the 
matters in the ſame degree of fire, and that, conſe- 
quently, we muſt look upon it as equal or almoſt 
equal with their refiſtance to fuſion ; and, it is for this 
alen, that the law of the progreſs of heat in theſe 


matters 
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matters is found proportionable to the order of their 
denſity „ Iv 


Calcareous matters, ranged according to the order 
of their denſity are, chalk, ſoft ſtone, hard ſtone, 
marble common, and marble white, which is, as is 
ſeen, the ſame as that of their denſity. The fufibi- 
hty does not enter therein as any thing, becauſe it 
immediately requires a very great degree of fire to 
| ealcine them; and that, although the calcination di- 

vides the parts, we mult look upon the effect only as 
a firſt degree of fuſion, and not as a complete fuſion, 
The whole power of the beſt burning mirrors is 
ſcarcely ſufficient to perform it: I have found and 
reduced into a kind of glaſs ſome of theſe calcareous 
matters; and I am convinced that theſe matters 
may, like all the reſt, be reduced ulteriorly into 
glaſs, without employing thereto any fuſing matter, 
and only by the farce of a fire quite ſuperior to that 
of our furnaces ; conſequently, the common term 
of their fuſibility is ſtill more remote, and more ex» 
treme than that of vitrequs matters, andvt is for this 
reaſon that they alſo follow more exactly the order of 
denſity in the progreſs of heat. 
White gypſum, improperly called alabaſter, is a 
matter which calcines like all other plaiſters, by a 
more moderate heat than that which 1s neceſlary for 
the calcination of matters calcareous ; does it not 
follow the order of denſity in the progreſs of heat 
which it receives. or which it loſes? for, although 
much more denſe than the chalk, and a little denſer 
than the white calcareous ſtone, it heats and cools, 
nevertheleſs, much more readily than the one or 
the other of thoſe matters. This demonſtrates to 
us, that the more or leſs eaſy calcination and fuſion 
produces the ſame effects relatively to the progrels 
of heat. Gypſous matters do not require ſo much 
fire to calcine as calcareous matters, and it is for this 


reaſon 
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reaſon that, although denſer, they heat and cool 
quicker. = 

Thus it may be affured in general; that the 
progreſs of heat in all mineral ſubſtances is always nearly 
in'a ratio of greater or leſs facility to calcine, or melt : 
but when their calcination, or their fuſion, are 
equally difficult, and that they require a degree of extreme 
heat, then the progreſs of extreme heat, is made accords 
ing to the order of their denſity. | . 

On the whole, I have depofited in the Royal Ca- 
binet, the globes of gold, filver, and of all other 
metallic and mineral ſubſtances which have ſerved 
for the preceding experiments, in order to render 
them more authentic, by inclining more to verify 
them who doubt of the truth of their reſults, and 
of the general conſequence which I have deduced. 
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| Obſervations on the Nature of PLArIxA. 
WE have juſt obſerved, that of all the mineral 

ſubſtances I have ſubjected to trial, thoſe are 
not the moſt denſe to which the longeſt time is re- 
quired to receive and loſe heat. Iron and emery, 
which are the moſt difficult matters to fuſe, are, at 
the ſame time, thoſe which heat and cool the ſloweſt. 
There is in Nature only platina which is leſs acceſſi- 
ble to heat, and which retains it longer than iron. 
This mineral, which has been publicly mentioned 
but a ſhort time, appears to be more difficult to 
fuſe ; the fire of the beſt furnaces is not fierce enough 
to produce that effect, nor even to agglutinate the 
ſmall grains, which are all angular, hard, and ſimi- 
lar in ; Horn to the thick ſcale of iron, but of 0 3 
ow 
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lowiſh colour; and although we can fuſe them with⸗ 
out any addition, and reduce them into a maſs by a 
mirror, platina ſeems to require more heat than the 
ore and ſcales of iron which we eaſily fuſe in our 
forge furnaces. In other reſpects, the denſity of 
platina being much greater than that of iron, the 
two quantities of denfity and non: fuſibility unite 
here to render this matter leaſt acccffible of all to the 
progreſs of heat. I preſume, therefore, that platina 
would be at the head of my Table if J had put it to 
the experiment; but I was not able to procure. a 
globe of it of an inch diameter, it being only found 
in grains ; and that which 1s in the maſs is not pure, 
becauſe other matters have been mixed with it in or- 
der to fuſe it, which alters its nature. The count 
of Billarderie d'Angivilliers, one of my friends, and 
a man of great judgment, who did me the favour to 
attend often my experiments, led me to examine 
this rare metallic ſubſtance, not yet ſufficiently - 
known. Chemiſts, who have employed their time 
on platina, have looked upon it as a new, perfect, 
proper, and particular metal, different from all the 
reſt : they have aſſerted, that its ſpecifical weight 
was nearly equal to that of gold ; that, nevertheleſs, 
this metal differed . in other | reſpects eſſentially 
from gold, having neither ductility nor fuſibility. I 
own that I am of a quite contrary opinion: a matter 
which has neither ductility nor fuſibility, muſt not 
rank in the number of., metals, whoſe eſſential and 
common properties are to be ductile and fuſible. 
Platina, after the examination. I gave it, did not 
appear to be a new metal different from every other, 
but an alloy of iron and gold formed by Nature, in 
which the quantity of gold predominated over the 
iron; and here follow the facts on which I founded 
r | 
Of 8 ounces 35 grains of platina, furniſhed me 
by M. de Angivilliers, and which I preſcnted to a 


ſtrong 
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ſtrong loadſtone, remained only 1 ounce, 1 dram, 
9 grains, all the reſt was taken away by the load- 
ſtone; ſo that there remained but 2 drams, which 
was reduced into powder which ſtuck to paper, and 
blackened them, as I ſhall preſently obſerve. This 
makes, therefore, nearly fix ſevenths of the whole 
which was attracted by the loadſtone, which is fo 
conſiderable a quantity; that it is impoſhble 
to ſuppoſe that iron is not contained in the inti- 
mate ſubſtance of platina, but that it is even there 
in a very great quamity: There is more; for if, I 
had not been weary of theſe experitnents which re- 
mained ſeveral days, I ſhould have ſtill attracted a 
great part of the remainder of the 8 ounces by my 
loadſtone ; for the loadſtone till attracted ſome 
grains one by one, and ſometimes two, There is, 
therefore; much iron in platina, and it is not fimply 
mixed therewith as a foreign matter, but intimately 
united and making part 45 ſubſtance ; or, if this 
is denied, it muſt be ſuppoſed, that there exiſts a ſe- 
tond matter in Nature which is attractable by the 
toadſtone, like iron : but this ſuppoſition will be 
overthrown by other circumſtances I ſhall relate; 

All the platina I have had an opportunity to exa- 
mine, has appeared to be. mixed with two different 
matters, the one black, and very attractable by the 
loadſtone ; the other in larger grains, of a pale yel- 
low, and much leſs magnetic than the firſt; Be- 
tween theſe two matters, which are the two extremes 
of this kind of mixture, is found all the intermediate 
links, whether with reſpe& to magnetifm, colour, 
or ſize of the grains. The moſt magnetic, which 
are, at the fame time, the blac keſt and ſmalleſt, re- 
dace caſtly into powder by a very flight friction, 
and leaves on white, paper the ſame mark as Teads 
Seven leaves of paper which were ſucceflively made 
uſe of to expole the platina to the action of the load- 
ſtone, were blackened over the whole extent occu- 
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lowiſh colour; and although we can fuſe them with⸗ 
out any addition, and reduce them into a maſs by 4 
mirror, platina ſeems to require more heat than the 
ore and ſcales of iron which we eaſily fuſe in our 
forge furnaces. In other reſpects, the denſity of 
platina being much greater than that of iron, the 
two quantities of denfity and non-fufibility unite 
here to render this matter leaſt acceffible of all to the 
progreſs of heat. I preſume, therefore, that platina 
would be at the head of my Table if I had put it to 
the experiment; but I was not able to procure. a 
globe of it of an inch diameter, it being only found 
in grains ; and that which 1s in the maſs is not pure, 
becauſe other matters have been mixed with it in or- 
der to fuſe it, which alters its nature. The count 
of Billarderie d'Angivilliers, one of my friends, and 
a man of great judgment, who did me the favour to 
attend often my experiments, led me to examine 
this rare metallic ſubſtance, not yet ſufficiently -- 
known. Chemiſts, who have employed their time 
on platina, have looked upon it as a new, perfect, 
proper, and particular metal, different from all the 
reſt : they have aſſerted, that its ſpecifical weight 
was nearly equal to that of gold ; that, nevertheleſs, 
this metal differed in other reſpects eſſentially 
from gold, having neither ductility nor fuſibility. I 
own that I am of a quite contrary opinion: a matter 
which has neither ductility nor fuſibility, muſt not 
rank in the number of, metals, whoſe eſſential and 
common properties are to be ductile and fuſible. 
Platina, after the examination I gave it, did not 
appear to be a new metal different from every other, 
but an alloy of iron and gold formed by Nature, in 
which the quantity, of gold predominated over the 
iron; and here follow the facts on which I founded 

OO © ONE HOI 
Of 8 ounces 35 grains of platina, furniſhed me 
by M. r and which I preſented to a 
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ſtrong loadſtone, remained only 1 ounce, 1 dram, 
9 grains, all the reſt was taken away by the load- 
ſtone; ſo that there remained but 2 drams, which 
was reduced into powder which ſtuck to paper, and 
blackened them, as I ſhall preſently obſerve. This 
makes, therefore, nearly fix ſevenths of the whole 
which was attracted by the loadſtone, which is fo 
conſiderable a quantity; that it is impoſhble 
to ſuppoſe that iron is not contained in the inti- 
mate ſubſtance of platina, but that it is even there 
in a very great quamity. There is more; for if. I 
had not been weary of theſe experitnents which re- 
mained ſeveral days, I ſhould have ſtill attracted a 
great part of the remainder of the 8 ounces by my 
loadſtone ; for the loadſtone ftill attracted ſome 
grains one by one, and ſometimes two. There is, 
therefore, much iron in platina, and it is not ſimply 
mixed there with as a foreign matter, but intimately 
united and making part of its ſubſtanee; or, if this 
is denied, it muſt be ſuppoſed, that there exiſts a ſe- 
cond matter in Nature which is attractable by the 
loadſtone, like iron: but this ſuppoſition will be 
overthrown by other circumſtances 1 ſhall relate. 

All the platina I have had an opportunity to exa- 
mine, has appeared to be. mixed with two different 
matters, the one black, and very attractable by the 
loadſtone ; the other in larger grains, of a pale yel- 
low, and much leſs magnetic than the firſt; Be- 
tween theſe two matters, which are the two extremes 
of this kind of mixture, is found all the intermediate 
links, whether with reſpe& to magnetifm, colour, 
or ſize of the grains. The moſt magnetic, which 
are, at the ſame time, the blackeft and ſmalleſt, re- 
dace eaſtly into powder by a very flight friction, 
and leaves on white paper the ſame mark as Teads 
Seven leaves of paper which were ſucceſſively made 
nic of to expole the platina to the action of the load- 
ſtone, were blackened over the whole extent occu- 
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pied by the platina ; the laſt left leſs than the firſt, 
in proportion as it touched it, and as the grains 
which remained were leſs black and magnetic : the 
largeft grains, which are the blackeſt and leaſt mag- 
"netic, inſtead of crumbling into powder like the 
ſmall black grains, are, on the contrary, very hard, 
and reſiſt all trituration ; nevertheleſs, they are 
ſuſceptible of extenfion in an agate mortar, under 
the reiterated ſtrokes of a peſtle of the ſame matter, 
and I flattened and extended many grains to the 
double or treble extent of their ſurface : this part of 
platina has, therefore, a certain degree of mallea- 
bility and ductility; whereas, the black part appears 
to be neither malleable nor ductile. The interme- 
diate grains participate of the qualities of the two 
extremes ; they are brittle and hard, they break or 
extend more difficultly under the ſtrokes of a peſtle, 
and afford alittle powder not ſo black as the firſt. 
Having collected this black powder and the moſt 
magnetical grains that the loadftone had the firſt attract- 
ed, I diſcovered that the whole was iron, but in a 
different ſtate from common iron. This reduced in- 
to powder and filings, contracted moiſture, and ruſt- 
ed very readily: in proportion as the ruſt increaſed, 
it grew leſs magnetic, and abfolutely finiſhed by 
lofing this magnetical quality when it was entirely and 
intimately ruſted; whereas this iron powder, or this 
feruginous ſand found in the platina, is, on the con- 
. © trary, inacceſſible to ruſt, how long ſoever it be ex- 
poſed to the air and humidity : it is alſo more infuſi- 
ble and much leſs diſſoluble than common iron; but 
this is iron which appears to me to differ only from 
common iron by a greater purity. This ſand is, in 


fact, iron diveſted of all combuſtible matter and ter- 


rene parts found in common iron, and even in ſteel. 
It appears endowed and covered with a vitrous var- 
niſh which defends it from all alteration. What is 
very remarkable, is, that this pure iron ſand does 


nor 
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not excluſively belong to the platina ore; I have 
found it, although always in a ſmall quanitity, in 
many parts where the iron ore has been dug which 
conſumed in my forges. As I ſubmitted to ſeveral 
trials all the ores which I had, before I determined 
to work on them for the uſe of my furnaces, I was 
ſurprized to ſee, that in ſome of theſe, which are all 
in grains, and ſome of which is attractable by the 
loadſtone; I nevertheleſs, found particles of iron 
ſomewhat rounded, and ſhining, like the filings of 
iron, and perfectly reſembling the ferruginous ſand 
of the platina ; they are all as magnetic, all as little 
fuſible, and all as difficultly ſoluble. Such was the 
reſult of the compariſon I made on the ſand of pla- 
tina, and of the ſand found in both my iron ores, at 
the depth of three feet, in earths where water eafily 
penetrated, I was troubled to conceive from whence 
theſe particles of iron could proceed, how they had 
been defended againſt ruft for the ages that they 
were expoſed to the humidity of the earth, and how 
this very magnetical iron might have been produced 
in veins of mines which are not fo at all. I called 
experience to my aid, and enlightened myſelf on all 
theſe points ſufficiently to be ſatisfied : I knew, by 
a number of obſervations, that none of our iron ore 
in grain are attractable by the loadſtone, and was 
well perſuaded, as I ſtill am, that all iron ores which 
are magnetical, have acquired this property only 
by the action of fire: that the mines of the North, 

which are ſo magnetical as to be ſought after by: the 
_ compaſs, muſt owe their origin to fire, and only 
formed by the means, or the intermedium of water, 
I then thought that this ferruginous and magnetic 
fand, which I found in a ſmall quantity in my iron 
mines, muſt owe its origin to fire; and having exa- 
mined the place, I was confirmed in this idea. This 
magnetical ſand is found in a wood, from time im- 
morial; they made anciently there, and ſtill do 


make, 
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make coal furnaces. It is. likewiſe more than pro- 
bable, that there were formerly confiderable fires 
here. Coal and burnt wood produce iron droſs, 
which includes the moſt fixed part of the iron which 
vegetables contain: it is this fixed iron which forms 
the ſand here ſpoken of when the droſs is decom- 
poſed by the action of the air, ſun, and rain: for 
then theſe pure iron particles which are not ſubject 
to ruſt, nor to any other kind of alteration, ſuffer 
themſelves to be carried away by the water, and pe- 
netrate into the earth with it at ſome feet deep, 
What I here advance may be verified by grinding 
the droſs well burnt : we ſhall there find a ſmall 
quantity of this pure iron, which, having reſiſted 
the action of the fire, equally refiſts that of the ſol- 
vents, and does not ruſt at all. 
Being fatisfied on this head, and after having 
compared the ſand taken from my iron ores and 
droſs with that of the platina, enough not to 
doubt of their identity, I was not long in imagining, 
confidering the ſpecific gravity of platina, that if 
this pure iron ſand, proceeding from the decompo- 
ſition of droſs, inſtead of being in an iron mine, was 
found near to a gold one, it might, by uniting with 
this metal, form an alloy which would be abſolutely 
of the ſame nature as platina. It is known that gold 
and iron have a great affinity: it is known that moſt 
iron mines contain a {mall quantity of gold: it is 
known how to give to gold thetint, the colour, and 
even the brittleneſs of iron, by fuſing them toge- 
ther. This 1ron-coloured gold is uſed on different 
golden jen. els to vary the colours; and this gold 
mixed with iron is more or leſs grey, and more or 
Jeſs rempered, according to the quantity of iron 
which enters the mixture. TI have ſeen it of a tint 
abſolutely like the colour of platina, Having en- 
quired of a goldſmith the proportion of gold and 
iron in this mixture, which was of the colour of pla- 
tina, 
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tina, he informed me, that gold of 24 carats was na 
more than 18; that a fourth part of iron entered 
therein, It will be perceived, that it is nearly the 
proportion which is found in the natural platina, if 
we judge of it by the ſpeciſical weight: this gold 
made with iron is harder and ſpecifically leſs weigh 
than pure gold. All theſe agreements, all theſe 
common qualicies with platina, have perſuaded me, 
that this pretended metal is, in fact, only an alloy of 
gold and iron, and not a particular ſubſtance, a new 
and perfect metal different from every other, as che- 
® miſts have advanced. 28 | 

It may alſo be recollected, that the alloy makes 
all metals brittle, and that when there is a penetra- 
tion, that is to ſay, an augmentation in the ſpecific 
grayity, the alloy is ſa much the more tempered as 
the penetration is the greater, and the mixture be- 
come the more intimate, as is perceived in the alloy 
called Bell- metal, although it be compoſed of two 

| very ductile metals. Now, nothing is more tem- 
pered, nor heavier, than platina ; that alone ought to 
make ts ſuppoſe, that it is only an alloy made by 
Nature, a mixture of iron and gold, which in part 
owes its ſpecific gravity to this laſt metal, and, per- 
haps, alſo in a great part to the penetration of the 
two matters of which it is compoſed, 

Nevertheleſs, this ſpecific gravity of platina 1s not 
ſo great as our chemiſts have reported it As this 
matter heated alone, and without any addition, is 
very difficult to reduce into a maſs; that we cannot 
obtain by the fire of a burning mirror only very ſmall 
maſſes, and that the hydroſtatical experiments made 
on ſmall volumes, are ſo defective, that we cannot 
conclude- any thing therefrom, It appears to me, 
that they are deceived on the eſtimation of the ſpe- 
cific gravity of this mineral. I put ſome powder of 
gold in a little quill, which I weighed very exactly: 
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I put in the ſame quill an equal volume of platina, it 
weighed nearly a tenth leis; but this gold powder 
was much too fine in compariton of the platina. 
M. Tillet, who joined to a profound knowledge of 
metals, the rare talent of making experiments with 
the greateſt preciſion, repeated, by my requeſt, the 
{ſpecific weight of platina compared to pure gold: for 
this purpoſe, he, like me, made ute of a quill,-and 
cut gold of 24 carats, reduced as much as poſſible to 
the ſize of the grains of platina ; and he found, by 
eight experiments, that the weight of platina dittered 


Y-i4 


* 
„ 


from that of pure gold very near a fifteenth; hut“ 


we have both obſerved, that the grains of gold 
had much ſharper angles than the platina : 
all the angles are blunt; it is even ſoft ; where- 
as the grains of this gold had ſharp and cutting 
angles, ſo that they could not adjuſt themſelves, nor 
heap one on the other as eaſily as thoſe of platina ; 


whereas, on the contrary, the gold powder I made 


uſe of was ſand gold, ſuch as is found in river ſand : 
theſe adjuſt themſelves much better one. againft the 
other. I found about a tenth difference between the 
ſpecifical weight of theſe and platina : nevertheleſs, 
theſe are not pure gold, and more than two or three 
carats is often wanted, which muſt diminiſh the ſpe- 
cifical weight in the ſame relation. Thus, every 
thing well conſidered and compared, we have thought 
that we might maintain the reſult of my experiments, 
and affirm, that platina in grains, and ſuch as Na- 
ture produces it, is at leaſt an eleventh or twelfth 
Iighter than gold. There 1s every appearance that 
this error, on the denſity of platina, proceeds from 
ins not having been weighed in its natural ſtate, but 
only after it had been reduced into a maſs; and as 
this fuſion cannot be made but by the addition of 
other matters and a very fierce fire, it is no longer 
pure platina, but a compoſition in which fuſing mat- 
| ters 
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ters are entered, and from which fire has taken the 6 
lighteſt parts. | 

Thus platina, inſtead of being of an equal, or almoſt 

equal denfity to that of pure gold, as has been ſaid, 

is only a denfity between that of gold and iron, and [| 

only nearer this firſt metal than the, laſt. Suppoſing, 4 

therefore, that the cube foot of gold weighed 13261b. 9 

and that of iron 280, that of platina in grains will be 

found to weigh about 1194 lb. which ſuppoſes more 

than 3 of gold to & of iron in this alloy, if there is no 

oetration; but as we extract 6-7ths by the load- 

bole, it might be thought, that there is more than 
iron therein; ſo much the more as in continuin 

this experiment, 1am perſuaded, that we ſhould be 

able with a ſtrong loadſtone to bring away all the pla- 

tina, even to the laſt grain, Nevertheleſs, we muſt 

not conclude that iron is contained therein in ſo great 

a quantity; for when it is mixed by the fuſion with 

gold, the maſs which reſults from this alloy 1s attrac- 

table by the loadſtone, although the iron is in no 

great quantity therein. I ſaw Mr. Baume have a 

piece of this alloy weighing .66 grains, in which 

was only entered 6 grains, that is to ſay, + of iron, 

and this button was eafily taken up by the loadſtone. 

Hence the platina might poſſibly contain only — 

on, or gold, and yet give the ſame phænomena; 

that is to ſay, to be attracted entirely by the load- 

ſtone; and this perfectly agrees with the ſpecific 


weight which — leſs than gold. 
But what makes me preſume, that platina contains 
more than — of iron or <2 of gold, is, that the alloy 


from this proportion is till of the gold colour, and 
much yellower than the higheſt coloured platina, and 
that more than 4 iron or 4 gold is requiſite for the 
alloy to be preciſely of the natural colour of platina. 
I am, therefore, greatly inclined to think, that there 


might 
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might poſſibly be this quantity of 4 iron in platifaz 
We were aſſured (Mr. Jillet and me), by many ex- 
periments, that the ſand of this pure iron which con- 
tained platina, is heavier than the filings of common 
iron. Thus, this cauſe, added to the effect of pe- 
netration, is ſufficient for the reaſon of this great 
quantity of iron contained under the ſmall yolume 
indicated by the ſpecific weight of platina. I 
On the whole, it is very poſlible that I am de- 
ceived in ſome of the conſequences which I have 
drawn from my obſervations on this metallic ſu 
ſtance: I have not been able to make ſo profoundipl 
examination as I could wiſh; what I ſay, is one 
what I have obſerved, and may perhaps ferve for 

better inſpections; 
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FIRST ADDITION. 


AS I was on the point of delivering theſe leaves for 
impreſſion, chance led me to tell my ideas of 
the platina to the Count de Milly, who has a grear 
knowledge in phyfic and chemiftry ; he informed me, 
he was nearly of my opinion; I gave him the Me- 
moir to inſpect, and two days after he did me the 
favour to ſend me the following obſervations, which 
I think as good as mine, and which he has permitted 
me to publiſh. | 
_* TexaQly weighed thirty-ſix grains of platina ; 
* ] laid them on a ſheet of white paper to be able to 
© obſerve them better with a loup; I perceived there 
« three different tubſtances : the firſt had the me- 
te tallic luſtre, and was the moſt abundant: the 
„ ſecond, drawing a little on the black, pretty 
well reſembled a feruginous metallic matter which 
could undergo a conſiderable degree of fire, fuch 
as the ſcoria of iron, vulgarly called machefer : 
% the third leſs abundant than the two firſt, 1. e. ſand 
| * where 
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* where the yellow, or topaz colour, is the moſt 
* predominant. Each grain of ſand, conſidered ſe- 
60 


parate, offered to the tight regular chryſtals of dif- 
* fereat colours. I remarked tome in an hexagon 
form, * terminating in pyramids like rock chryftal ; 
and this ſand ſeems to be no other than a detritus of 
chryſtal, or quartz ef different colours. | 
formed a defign of ſeparating as exactly as 
poffible, theſe different ſubſtances by means of the 
loaditone, and to put afide the part the moſt at- 
| *« tractable by the loadſtone, from that which was 
leſs ſo, and from that which was not fo at all; 
then to examine each ſubſtance particularly, and 
to ſobmit them to different chemical and mechani- 
cal heats, 5 
] ſeparated theſe parts of the platina which 
were briſkly attracted at the diſtance of two or 
three lines; that is to ſay, without the contact of 
the loadſtone; and for this experiment I made uſe 
of a good factitious magnet of M. L'Abbe ;.... 
afterwards I touched the metal with this magnet, 
and carried off all that would yield to the magneti- 
cal force. I weighed what remained, and it was 
almoſt no longer attractable, and which I ſhall 
call No. 4. weighed twenty-four grains; No. 1. 
which was the moſt ſenfible to the magnet, weigh- 
ed four grains; No. 2. weighed the ſame; and 
No. 3. five grains. ö & 
No. x. examined by the loup, preſented only 4 
mixture of metallic parts, a white ſand borderin 
on the greyith, flat and round, or black vitriform 
ſand, reſembling pounded fcoria, in which very 
ruſty parts are petceptible: in ſhott, ſuch as the 
{coria of iron preſents after having been expoſed to 
e moiſture. 2 
No. 2. preſented nearly the ſame thing, ex- 
cepting that the metallic parts predominated, and 
that there were very few ruſty particles. 


Vol. V. 4 „No. 
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* No. 3. was the ſame, but the metallic parts 
were more voluminous; they reſembled melted 
metal which had been thrown into water to be 
granulated; they are flat and of all ſorts of tigures, 
rounded on the corners, 
«© No. 4. which had not been carried off by the 
magnet, but tome parts of which ſtill afforded 
marks of ſenſibility to magnetiſm; when the mag- 
net was moved under the paper where they were 
in, was a mixture of ſand, metallic parts, and real 
ſcoria, friable between the fingers, and which 
blackened in the ſame manner as common ſcoria. 
The ſand ſeemed to be compoſed of ſmall rock, 
topaz, and cornelian chryſtals. I broke ſome on 
a ſteel, and the powder was like varnith reduced 
into powder ; I did the ſame to the ſcoria; it 
broke with the greateſt facility, and preſented a 
black powder, which blackened the paper like the 
common. 
* 'The metallic parts of this laſt (No. 4.) appeared 
more ductile under the hammer than thoſe of 
No. 1. which made me imagine they contained 
leſs iron than the firſt : from whence it follows, 
that platina may poſlibly be no more than a mix- 
ture of iron and gold made by Nature, or perhaps 
by the hands of men, as I thall hereafter take no- 
tice, 
I endeavoured to examine, by every poſſible 
means, the nature of platina : to aſſure myſelf of 
the preſence of iron in platina by chemical means, 
I took No. 1. which was very attractable by the 
magnet, and No. 4. which was not; I ſprinkled 
them with fuming ſpirit of nitre ; 1 obſerved it 
then with the microſcope, but I perceived no effer- 
veſcence : I added diſtilled water thereon, and it 
fill made no motion, but the metallic parts went 
of and acquired a new brilliancy, like filyer os 
4 et 
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let this mixture reſt for five or ſix minutes, and 
having ſtill added water, I threw-ſome drops of 
alkaline liquor ſaturated with the, colouring matter 
of Pruſſian blue, and a very fine Pruſſian blue was 
attorded me on the firſt. 

+ No. 4. treated in the fame manner, gave the 
fame reſult, There are two things very fingular 
to remark in theſe experiments; firſt, That it 
palles current among chemiſts who have treated on 
the platina, that aquafortis, or ſpirit of nitre, oy 
no action on it. Yet, as we have juſt obſerved, 
diflolves it ſufficiently, though without 2 
cence, to afford Pruſtian blue, when we add the 
alkaline liquor phlogiſticated and ſaturated with 
the colouring matter, which, as is known, preci- 
pitates iron into Pruiſian blue. 

% Platina, which is not ſenfible to the magnet, 
does not contain leſs iron, fince ſpirits of nitre diſ- 


ſolves it enough and without efterveſcence to make 


Prufſian blue. 

*© From whence it follows, that this ſubſtance 
which the modern chemiſts, perhaps too greedy of 
the marvellous, and willing togive ſomething novel, 
and look upon as a ninth metal, may poſſibly be, as 
have obſerved, only a mixture of gold and iron. 
Without doubt there ſtill remains many experi- 
ments to be made, to determine how this mixture 
has not place, if it is the work of Nature, or if it 
is the produce of ſome volcano; or, ſimply, the 
produce of the Spaniards labours in the New World 
to acquire gold in the mines of Peru : I ſhall here- 
after mention my conjectures thereon. 

If we rub platina on white linen, it blackens it 
like common ſcoria, which made me ſuſpect 


that it is the parts of iron reduced into icoria found 
in this platina which gives it this colour, and 
which ſeem in this ſtate only to have tried the action 
of a violent fire. Beſides, having a ſecond time 

* exam ined 
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5 examined platina with my loup, I perceived there, 


in different globules of running mercury, which 
made me imagine that platina might be the pro- 
duce of the hands of man, in the following man- 
„% ner; 
& Platina, as I have been told, is taken out of the 
oldeſt mines in Peru, which the Spaniards ex- 
plored after the conqueſt of the New World. In 
t thoſe dark times only two methods were known of 
extracting gold from the ſands which contained it 
* firſt, by an amelgama with mercury; ſecondly, 
by drying it. The golden ſand was rubbed with 
quickfilver, and when that was judged to be loaded 
with the greateſt part of the gold, the ſand was 
thrown away, which was named Craſſe, as uſeleſs 
and of no value. 
This method was made with very little judg- 
ment: to extract it, they began by mineralizing 
auriferous metals by means of ſulphur, which has 
no action on gold, the ſpecific weight of which is 
greater than that of other metals ; but to facilitate 
its precipitation iron was added, which loaded it- 
ſelf with the ſuperabundant ſulphur, a method 
* which is ſtill followed. The force of fire vitrifics 
one part of the iron, the other combines itſelf with 
a ſmall portion of the gold, and even of filver which 
mixes with the ſcoria, from whence 1t cannot be 
drawn but by ftrong fuſions, and without bein 
well inſtructed in the ſuitable intermediums which 
the docimaſiſis make uſe of. Chemiſtry, which is 
now arrived to great perfection, affords, in fact, 
means to extract the greateſt part of this gold and 
filver : but at the time when the Spaniards explored 
the mines of Peru, they were, doubtleſs, ignorant 
of the art of mining with the greateſt profit : be- 
hdes, they had ſuch great riches at their diſpoſal, 
that they, probably, neglected the means which 
would have caſt them trouble, care, and time: 
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© therefore, there is every appearance that the 
*© contented themſelves with a firſt fuſion, and threw 
away the ſcoria as uſeleſs, as well as the ſand which 
* hadeſcapedthe quickſilver, and perkaps they made 
only a heap of theſe two mixtures, which they 
regarded as of no value. | 
" Their ſcoria contained gold and much iron under 
different ſtates, and that in different proportions 
unknown to us, but which, perhaps, are thoſe 
** which gave origin to the platina. The globules of 
** quickfilver, which I have obſerved, and thoſe of 
c gold, which I have diſtinctly ſeen with the afliſt- 
* ance of a good loup, in the platina I had in my 
hands, have given birth to the ideas which I have 
*+ written on the origin of this mineral; but I only 
give them as hazardous conjectures, to acquire ſome 
certainty it muſt be preciſely where the platina 
© mines are ſituated ; if they have been anciently 
* explored, whether it is extracted from a new foil, or 
if they are only rubbiſh, and to what depth they are 
« found; and laſtly, if the hands of man is expreſſed 
* there or not; all which might aſſiſt to verify or 
** deftroy the conjectures I have advanced.“ 
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HESE obſervations confirm mine in almoſt 
every point. Nature is the ſame, and preſents 
herſelf always the ſame to thoſe who know how to 
obſerve her: thus, we muſt not be ſurprized, that 
without any communication M, de Milly has ob- 
ſerved the ſame things as I did, and that he has de- 
duced the ſame conlequence therefrom ; that platina 
is not a new metal different from every other, but a 
mixture of iron and gold. To reconcile his obſerva- 
tions ſtill more with mine, and to enlighten, at the 
ſame time, the doubts which remain in great num- 
bers 
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bers on the origin and formation of platina, I have 
thought it necetiary to add the following remarks, 

1. M. de Milly diftingutthes three kinds of mat- 
ters in platina; to wit, two metallic; and the third, 
non- metallic of a quartzeuze and chryſtalline ſubſtance 
and form. He has obſerved, as well as me, that of the 
two metallic matters, the one is very attractable by 
the magnet, and that the other is very little, or not 
at all. I have made mention of theſe fwo matters as 
well as him, but I have not ſpoken of the third, which 
is not metallic, becauſe there is none at all there, or 
very little in the platina on which I have made m 
oblervations. There is an appearance, that the pla- 
tina which M. de Milly made ute of was not ſo pure 
as mine, which I have obſerved with care, and in 
which I have ſeen only fome ſmall tranſparent glo- 
bules like white melted glaſs, which were united to 
the particles of platina or feruginous ſand, and which 
are carried any where by the magnet. Theſe tran- 
ſparent bal were very few, and in eight ounces 
of platina which I narrowly inſpected, and others in- 
ſpected with a very ſtrong loup, we have never per- 
ceived regular chryſtals. It has appeared to me, on 
the contrary, that all the tranſparent particles were 
globulous like melted glaſs, and all attached to me- 
tallic parts: nevertheleſs, as I do not at all doubt of 
the veracity of M. de Milly's obſervation, who ob- 
ſerved quartzeuze and chryſtalline particles of a regu- 
lar form, and in a great number, in his platina, I 
thought I ought not to confine myſelf to the examina- 
tion of the platina alone, of which I have heretofore 
ſpoken of. I found ſome in the king's cabinet, which 
Fexamined with M. Daubenton, of the Academy of 
Sciences, and which appeared to us much leſs pure 
than the firſt; and we, in fact, remarked a great 
number of ſmall priſmatic and tranſparent chryſtals, 
ſome of a ruby colour, others of a topaz, and others 
perfectly white; therefore the Count de Milly was 

| not 
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not deceived in his obſervations ; / but this only 
proves that there are ſome mines of platina much 
purer than others, and that in thoſe which are the 
moſt ſo, none of theſe foreign bodies are found. 
M. Daubenton has alſo remarked ſome grains flat 
at bottom and rough at top, hke melted metal 
cooled on a plain. I have very diſtinctly ſeen one 
of theſe hemiſpherical grains, which might indicate 
that platina is a matter which has been melted by 
the fire, but it 1s very fingular, that in this matter 
melred by the fire, ſmall chryſtals, topaz, and rubies 
are found, and I do not know whether we ought not 
to ſuſpect fraud ow the fide of thoſe who ſupplied 
this platina, and which to increaſe the quantity, 


have mixed it with theſe chryſtalline ſands, for I 


repeat it, that I have never met with theſe chryſtals 
in more than one half pound of platina, given me 
by the count of Angilliviers. 

2. I have found, as well as M. de Milly, gold 
ſand in Platina; it is readily diſcovered by their 
colour, and becauſe it is not magnetical, bur J 
own, that I have never perceived the globules gf 
mercury, which M. de Milly did. I will not from 
thence deny their exiſtence, only it appears that the 
ſand of gold meeting with the globules of mercur 
in the ſame matter, they might be ſoon nr 
and might not retain the yellow colour of gold which 
1 have remarked in all the gold ſand that I could 
find in half a pound of platina ; befides, the tran- 
ſparent globules which I have juſt ſpoken of, reſem- 
ble greatly the globules of live and ſhining mercury, 
inſomuch that at the firſt glance it is eaſy to be 
deceived therein. | | 

3. There were much fewer tarniſhed and ruſty 
parts in my firſt platina, than in that of M. de Milly, 
and it is not properly ruſt which covers the ſurface 
of thoſe feruginous particles, but a black ſubſtance 
produced by fire and perfectly fimilar to that which 
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covers the ſurface of burnt iron. But my ſecond 
platina, that is to ſay, that which I took from rhe 
royal cabinet, had alſo in common with that of the 
Count de Milly, a mixture of ſome feruginous parts, 
Which under the hammer, is reduced into a yellow 
powder, and had all the characters of ruſt, There- 
fore this platina of the royal cabinet, and that of 
M. de Milly, reſembling in every reſpect, it is pro- 
bable that they proceeded from the ſame part, and 
by the fame road. I even ſuſpe& that both had 
been ſophiſticated and mixed above half, with fo- 
reign chryſtilline and furuginous ruſty matters, 
which is not met with in the natural platina. 

4. The production of Pruſſian blue by platina, 
appears evidently to prove the preſence of iron in 
the ſame parts of this mineral, which is the leaſt at- 
tractable by the magnet, and at the ſame time con- 
firms what I have advanced on the intimate mixture 
of iron in its ſubſtance. The flowing of platina by 
{pirits of nitre, proves that although it has no ſenſi- 
ble efferveſcence, this acid attracts the platina in 
an evident manner ; and the authors, who have 
aſſerted the contrary, have followed their common 
track, which conſiſts, on looking on all actions as 
null which does not produce an efferveſcence. Theſe 
ſecond experiments of M. de Milly, would appear 
to me very important, if they ſucceeded always 
alike, | 

5. In fact, many neceſſary matters are wanting to 
us, to pronounce affirmatively on the origin of 
platina. We know nothing of the natural hiſtory of 
this mineral, and we cannot too greatly exhort thoſe 
who are inclined to examine it on the ſpot, to make 
us acquainted with their obſervations. In expecta- 
tion of which, we are forced to confine ourſelves to 
conjectures, ſome of which appear only more pro- 
bable than others. For example, I do not imagine 
Platina to be the work of man, 'The Mexicans and 


Peru- 
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Peruvians knew how to force and work gold before 
the arrival of the Spaniards, and they were not ac- 
quainted with iron, which nevertheleſs, they muſt 
have employed in a ow quantity. The Spaniards 
themſelves did not e 

this country, when they firſt inhabited it. There 
is, therefore, all appearances to think, that they did 
not make uſe of the filings of iron, for the ſeperation 
of gold. At leaſt in the beginning of their labours, 
which does fot go above two centuries and a half 
back, a time much; too ſhort for ſo plengitul a pro- 
duction as platinag which is found 1 in large _ 
ties in many places. 

Beſides, when gold is mixed uh ies by fuſing 
them together, we may always by chemiſtry ſeperate 
them and extract the gold: whereas that, hitherto 
chemiſts have not been able to make this ſeparation 
in platina, nor determine the quantity of gold con- 
rained in this mineral. This ſeems to prove, that 
gold is united therewith in a more intimate manner 
than the common alloy , and that iron is alſo therein, 
as I have obſerved, in a different ſtate from that of 
common iron. Platina, therefore, appears to me not 
to be the work of man, but the production of nature, 
and, Iam greatly inclined to think, that it owes 1ts 
firſt origin to the fire of Vulcanos. | Burnt ; ron, in- 
timately united with gold by ſublimation or fuſion, 
may have produced this mineral, which having been 
at firſt formed by the action of the fierceſt fire, will 
aſterwards have felt the impreſſions of water and the 
reiterated frictions, which have given it the form 
they give to every other body, that is fo ſay, that of 
blunt angles. But water alone might have pro- 
duced the platiaa; for ſuppoſirig gold and iron di- 
vided. as much as poſſible by the humid mode, their 
molecules, by uniting, will have formed the grains 
which compoſe it, and which from the heavieſt to 


the lighteſt contain gold and iron ; the propoſition 
Vol. V. R of 


abliſh- furnaces to fuſe iron in 


— —— - 


135 NATURAL HISTORY. 


of the chemiſt who offers to render nearly as much 
gold as they ſhall furniſh him with platina, feems to 
indicate, that there in fact, is only —of iron to = of 
gold in this mineral, or poſſibly leſs. But the 


nearly. of this chemiſt is probably a fifth or a fourth, 


and indeed if he could realiſe his promiſe to a fourth, 
it would be a great deal. | | 


- SECOND ADDITION. 


EING at Dijon the ſummer of 1773, the Acade- 
my of Sciences and Belles Lettres there, of which 
I have the honour to be a member, ſeemed defirous 
of hearing the lectures of my obſervations on platina. 
I complied ſo much the more readily, as it was on a 
ſubject fo freſh, too much information nor conſulta- 
tion could not be had thereon, and as I had room to 
hope to derive fome lights from a company where 
many well inſtructed perſons met. M. de Morteau, 
e e to the parliament of Burgundy, as 
great a phyfician as lawyer, took the 8 to 
work on the platina; I gave him a portion of that 
which I had attracted by the loadſtone, and a por- 
tion of that which I had found inſenſible to magne- 
tiſm, requeſting him to expoſe this ſingular mineral 
to the ſtrongeſt fire that he could poſſibly make; and 
ſome time after, he ſent me the following experi- 
ments, which he was pleaſed to ſubjoin to mine. 


EXPERIMENTS made by M. DR Morrtzau, 
| deptember 1773. 


c& JJONSIEUR the Count de Buffon, in a jour- 


cc ney to Dijon, the ſummer of 1773, having 
5 cauſed me to remark in half a dram of platina, 
(6 


„which M. de Baume had ſent him in 1768, grains 
e | © "om" 
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ce in form of buttons, others flatter, and ſome black 
ec and ſcaly; and having ſeparated by the load-ſtone, 
cc thoſe which were attractable from thoſe which ap- 
«« peared not ſo, I tried to form Pruſſian blue with 
& both. I ſprinkled the fuming nitrous acid on a | 
« the non attractable parts, which weighed 24 grains. | 
« Six hours after, I put diftilled water on the acid, | 
« and ſprinkled alkaline liquor, ſaturated with a 

« colouring matter; there was not a ſingle atom of 
«© blue, the platina had only a little more bright- 

&« neſs. I alike ſprinkled the fuming acid on the 

4 33 grains and an half of remaining platina, part 

«© of which was attractable, the ſame Pruſſian alkali 

ce precipitated a blue feculency, which covered the 

«© bottom of a pretty large baſon. The platina af- 

ter this operation, was greatly run like the 

«* firſt: I waſhed it and dried it, and I found it had 

“ not loſt F of a grain, or — ; having examined it 

in this ſtate, I perceived there a grain of beauti- 

ful yellow, which was a grain of gold. 

C M. de Fourcy had newly publiſhed, that the 

diſſolution of gold was thrown down in in a blue 

«c precipitate by the Pruſhan alkali, and had placed 

this circumſtance in a table of affinity; I was 

ce tempted to repeat this experiment, and ſprinkled, 

* in conſequence thereof, the phlogiſticated alkaline 

ce liquor in the diffolution of gold, but the colour of 

ce this diffolution did not change, which made me 

« ſuſpect that the diffolution of gold made uſe of 
«© by M. de Fourcy, might poſſibly have not been 

6 ſo pure, 

« At the ſame time, the Count de Buffon having? 
given me a ſufficient quantity of platina to make 

« further eſſays, I undertook to ſeparate it from all 
*© foreign bodies by a good font. Here follows the 
++ proceſfſcs and the reſults I met with.“ 


«6 


cc 
Fc 


6c 


«c 


4 


FIRST 


has NATURAL HISTORY: 
"E1XST"EXPERTME NT,” 


+ Having put a dram of platina into a cupel, 
«© in à furnace, ſpoken; of by M. Macquer, in 
the Memoirs of the Academy of Sciences, 178, 
“% T kept up the fire two hours, the covers ſunk 
% down, the ſupporters having run, neverthe- 
4 Jeſs, the platina was found only agglutinat- 
5 ed; it ſtuck to the cupel, and had left ſpots 
« of à ruſty colour; the platina was then tarniſhed 
even a little black, and had only augmented a 
grain of weight; a quantity very weak in compa- 
c xiſon with that which other chemiſts have obſerved: 
what ſurprized me ſtill more was, that this dram 
** of platina, as well as: all that is uſed for other ex- 
periments, had been ſucceſſively carried away by 


te the loadſtone and made a portion of 2 — of eight 
* ounces of which Mr. n has before * 


e of. 
SECOND EXP {NE | 


* Half a dram of the ſame platina, expoſed to 
the ſame fire in a cupel, was alſo agglutinated ; 
te jt adhered to the cupel, on which it had left ſpots 
of a ruſty colour, the augmentation of weight 
was found to be nearly in the ſame proportion, 
“ and the ſurface as black.“ 


THIRD EXPERIMENT. 


J put this half dram into a new cupel, but in- 
* ſtead of the Cover, I placed a leaden crucible. 
« This I kept in the moſt extreme heat for four 
* hours : when it was cooled, I found the crucihle 
e ſoldercd to the ſupport, and having broken it, I 
te perceived that nothing had penetrated into the in- 
r rexnal part of the crucible, which appeared to be 


oy oy 
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F* only more gloſſy than before. The cupel had 
, preſerved its form and poſition, it was a little 
* cracked, but not enough to admit of any pene- 
* tration ; the platina was alſo not adherent to it, 
though agglutinated, but in a much more inti- 
mate manner than at firſt, the grains were leſs 
angular, the colour clearer, and the brillancy 
more metallic: but what was moſt remarkable 
during the operation there iſſued from its 
ſurface, probably in the firſt moments of its 
refrigeration, three drops of water, one of which 
that roſe perfectly ſpherical, was carried up on a 
ſmall pedicle of the vitreous and tranſparent mat- 
* ter. It was of an uniform colour, with a ſlight 
% tint of red, which did not deprive it of any tran- 
* ſparency. The two other drops of glaſs, the 
* ſmalleſt of which had likewiſe a pedicle, and the 
other none, but was only attached to the platina 
by its external ſurface,” "50 h 
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FOURTH EXPERIMENT. 


I endeavoured to affay the platina, and for that 
intent put a dram of the like grains taken up by 
the loadſtone into a cupel, with two drams of 
lead. After having kept up a very ſtrong fire for 
two hours, I found an adherent button, covered 
with a yellowiſh and ſpungeous eruſt of two drams 
« twelve grains weight, which announces that the 
e“ platina had retained one dram twelve grains of 
« lead, | 

I put this button into another cupel in the 
ce ſame furnace, obſerving to turn it: it only loſt 
ce twelve grains in two hours; its colour and form 
« were very little changed. 


The ſame piece of platina being put into 
% Macquer's furnace, and a fire kept up for three 
« hours, when I was obliged to take it out, becauſe 
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the bricks entirely run ; the platina was become 
more metallic ; it, nevertheleſs, adhered to the 
cupel ; and it loſt this tinie thirty-four grains. I 


* threw them into the fuming nitrous acid to aſſay 


it; there aroſe a little efferveſcence when I added 
diſtilled water thereon ; the platina loſt two grains, 
and I remarked ſome ſmall holes, like thoſe which 
its flying off might occaſion, 1 
There then remained only twenty-two grains of 
lead in the platina. I began to form a hope of 
vitrifying this remaining portion of lead, for 
which purpoſe I put the ſame piece of platina 
into a new cupel, and by the care TI took for the 
admiſſion of air and other forementioned precau- 
tions, the activity of the fire was ſo greatly aug: 
mented, that it required a ſupply every eleven 
minutes, and kept it to that degree for four hours, 
and then permitted it to cool, | 1 
6c I perceived the next morning that the leaden 
crucible had refiſted, and that the ſupporters 
were only glazed by the cinders, I found a _- 
in the cupel, no way adherent, of a uniform colour, 
approaching more the colour of tin than any other 
metal, but only a little ragged, It weighed ex- 
actly one dram. 
All therefore announced, that this platina had 
endured a perfect fuſion; that it was perfectly 
pure; for _ it ſtill contained lead, we muſt 
alſo ſuppoſe that this mineral had exactly loſt as 
much of its own ſubſtance as it had of foreign 
matter, and ſuch a preciſion cannot be the effect 
of pure chance, | 

« paſſed ſeveral days with M. de Buffon, whole 
company has the ſame charms as his ſtyle, and 
whole converſation is as complete as his books; 


I took a pleaſure in preſenting him with the pro- 


ductions of my eſſay, and examined them with 


him. 
c 1. We 
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* 1. We obſerved that the dram of platina, ag- 


glutinated by theſe experiments, was not at- 
tracted by the loadſtone; that, nevertheleſs, the 
magnetical bar had an action on the grain that 
were looſened from it. 455 

« 2. The half dram of the third experiment was 
not only attractable in maſs, but the grains of gold 
ſeparated therefrom, did not themſelves give any 
fign of magnetiſm. £31 

« 3. The platina of the fourth experiment was 
alſo abſolutely inſenfible to the loadſtone. 

4. The ſpecific weight of this piece was deter- 
mined by a good hydroſtatical balance, and for 
the greater certainty, compared to coined gold, 
and to other very pure gold, uſed by M. Buffon 
in his experiments, their denſity was found as fol- 
low, with water in which they were plunged. 
Pure gold 19 N | 


Coin gold — 17 4 
Platina - + 14 > 


7 8 

« 5, This piece of platina was put upon ſteel to 
try its ductibility; it ſupported the hammer very 
well for a few ſtrokes, its ſurface became flat and 
even, a little ſmooth in the parts which were 
ſtruck, bur it ſplit ſoon after, and a portion ſepa- 
rated from it, making nearly a fixth part of the 
whole. The fracture preſented many cavities, 
ſome of which had the whiteneſs and brillancy of 
filver, in others we remarked ſeveral points like 
chriſtalliſation z the tops of theſe points ſeen 
with the loup, was a globule abſolutely fimilar 
to that of the third experiment. As for the reſt, 
all the parts of this piece of platina were , 
the grain finer and cloſer than the beſt braſs, to 
which it reſembled in colour. Whatever pieces 
we offered to the loadſtone, not one was attracted 


thereby, but having powdered them again in an 
* *© agate 
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cc 
cc 
«C 


agate: mortar, we remarked that the magnetieal 


bar raiſed up ſome of the ſmalleſt every time they 
were placed under it. 


„This new appearance. of magnetiſm was ſo 


much the more ſurpriſing as the grains were 
detached from the agglutinated maſs of the ſecond 
experiment, which appeared to us to have loſt all 
ſenſibility at the approach and contact of the load- 
ſtone. We again in conſequence of that, took 
ſome of theſe grains which were alike powdered, 
and ſoon perceived the ſmalleſt parts ſenſibly at- 


tach themſelves to the magnetic bar. It is impoſ- 
ible to attribute this effect to the ſmoothneſs of 
the bar, nor to any other cauſe foreign to magne- 


tiſm. A piece of ſmooth iron, applied in the 


ſame manner on the parts of this platina, never 
raiſed yp a fingle one. | LI 
& By the recital of theſe experiments, and the ob- 
ſervations which have ariſen therefrom, we may 
judge of the diſficulty of determining the nature 
of platina; it is very certain that it contains 
ſome vitrifiable parts, vetrifiably even without the 


addition of a fierce fire; it is very certain that all 


platina contains iron and attractable parts, but if 
the Pruſſian alkali never affords blue but with 
the grains which the loadſtone attracts, we thould 
conclude, that thoſe which reſiſt it are pure pla- 
tina, which of itſelf has no magnetical virtue, 


and which iron does not make an eſſential part, 


We muſt hope that a ſufficient fuſion, or perfect 
cupellation might decide this queſtion; at leaſt, 
all announces that theſe, operations had, in fact, 
deprived it of every magnetical virtue by ſeparat- 
ing it from all foreign bodies; but, the laſt obſer- 
vation proves in an invincible manner, that this 
magnetical property was, in reality only weakened 
there, and perhaps maſked or buried, ſince it has 
re-appeared when it has been ground. 


RE- 


*.,S 
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12 theſe expetiments there reſults, 1. That 
we may expect platina to be melted without ad- 
dition, by applying the fire to it ſeveral times ſucceſ- 
ſively, becauſe the beſt. crucibles might not reſiſt the 
action of ſo fierce a fire during the whole time that 
the complete operation require. i 0 
2. That by melting it with lead, and aſſay ing them 
ſeveral times, we ſhould in the end vitrify all the 
tead and the platina, that this experiment would be 
able to purge it from a part of the foreign matters it 
contains. N71 J ro 
3: That by melting it without any addition, it 
ſeems to purge itſelf partly into the vitreſcible matters 
it includes, fince it emits to its ſurface ſmall drops of 
glaſs which form pretty confiderable maſſes, and that 
we can eaſily ſeparate them after refrigeration. ' 
4. That by making experiments on Pruſſian blue 
with the grains of platina, which appeared to be moſt 
inſenſible to the loadſtone, we wete not always cer- 
tain of obtaining it, as that circumſtance never fails 
with grains which have more or leſs ſenfibility to mag- 
netiſm ; but, as M. Morveau made this experiment 
on a very ſmall quantity of platina, he propoſes to 
repeat it. 1 EE: | 
5. It appears that neither fuſion nor cupellation can 
dettroy all the iron with which platina is intimately 
penetrated : the pieces melted or aſſayed, appeared 
in reality equally as ſenſible to the action of the load- 
ſtone ; but, having pounded them in a mortar, we 
found magnetical parts; ſo much the more abundant 
as the platina was reduced into a finer powder. The 
firſt piece, whoſe grains were only agglutinated, be- 
ing ground, rendered many more magnetical parts 
than the ſecond and third, the grains of which had 
undergone. a ſtronger fuſion ; but, nevertheleſs, being 
Vol. V. 8 both 
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both ground, they furniſhed magnetical parts; inſo- 
much, that it cannot be doubted that there is iron in 
platina, after it has undergone the fierceſt efforts of 
fire, and the devouring actions of the heat in the cu- 
pel. This demonſtrates, that this mineral is really an 
intimate mixture of gold and iron, which hitherto art 
has not been able to ſeparate. | 
6. I and Mr. Morveau made another obſervation 
on melted and afterwards on ground platina, which is, 
that it takes in grinding preciſely the ſame form as it 
had before it had been melted : all the grains of this 
melted and ground platina are fimilar to theſe natural 
- "m4 as well for the form as for the variety of 
the ſize; and they appear to differ only . becauſe 
the ſmalleſt, alone ſufter themſelves to be raiſed. 
by the loadſtone, and in ſo much the leſs quan- 
tity as the platina has endured the fire. This — 
alſo to prove, that, although the fire has been ſtron 
enough not only to burn and vitrify, but even to drive 
off a part of the iron with other vitreſcible matter 
which it contains; the fuſion, nevertheleſs, is not fo 
complete as that of other perfect metals, fince in 
grinding it retakes the ſame figure as it had before 
fuſion. e N at 


— — — 


FOURTH MEMOIR. 


Experiments on the Tenacity and Decompeſition of Iron. 


IN the firſt Memoir we have ſeen, that iron loſes 
1 weight every time it is heated by a fierce fire, and 
that the bullets heated white three times, loſt the 
twelfth part of their weight: we might be directly 
led to think, that this loſs muſt not be attributed 
only to the diminution of the volume, by the ſcoria 
Which falls off from the ſurface in little ſcales, but 
we conſider that the ſmall bullets, of which the ſur- 
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face is conſequently greater, relatively to the vo- 
lume, than that of the large, loſe leſs ; and that the 
large bullets loſe proportionably more than the 
ſmall : we_ſhall perceive, that the total loſs of 
weight muſt not be fimply attributed to the fall of 
the ſcales, but alſo to an internal alteration of all 
the parts of the maſs which the fierce fire diminiſhed, 
and rendered ſo much the lighter as it was applied 
the oftener and longer: and, in fact, if we collect 
the ſcales which fall off, we ſhall find, that on a bul- 
let which, for example, has loſt eight ounces by a 
firſt heat, there will only be one ounce of theſe 
ſcales, and that all the reſt of the loſs can only be 
attributed to this internal alteration of the ſubſtance 
of iron which loſes its denfity each time that it heats; 
inſomuch, that if we ſhould repeat the operation of- 
ten, the iron would be reduced to no more than a 
fuſible and light matter, of which no uſe could be 
made; for 1 have remarked, that the bullets not 
only loſt their weight; that is to ſay, their denſity, 
but that at the ſame time they had loſt much of their 
ſolidity ; that is to ſay, of their quality, on which 
depends the coherence” of the parts; for I have ob- 
ſerved, by ſtriking them, that they could be broken 
caſter the oftener and longer they had been heated. 
It is, without doubt, becauſe it was not known 
to what point this alteration. of iron extends, or ra- 
ther, becauſe it was not doubted, that for ſeveral 
years bullets have been heated in our artillery. Now, 
I am aſſured, that the caliber of cannons newly caſt, 
being narrower than that of the ancient cannons, the 
bullets required diminiſhing : to attain this they 
were heated white, that they might be the eaſier 
ſcraped afterwards in turning; and that often they 
were obliged to heat them five; fix, eight, and even 
nine times, to reduce them as much as was neceſ- 
ſary. Now, it is evident, by my experiments, that 
this practice is bad; for a bullet thus heated nine 
| : times, 


muſt not be thought that the quality of iron s 
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times, muſt loſe 3 of its weight, and perhaps 5 of its 
ſolidity: becoming alſo brittle, it cannot ſerve for 
the purpaſe of making a breach ; and becoming 
lighter, it has alſo the great diſadvantage of not go- 


ing ſo far as the reſt, 


In general, if we would preſerve i in iron its ſolidity 
and nerve; that is, its maſs and force, we muſt not 
expoſe it to a fire oftener nor longer than is neceſſary ; 
it will ſuffice, for moſt uſes, to redden it without 
forcing the fire to heat it white; this laſt degree of 
heat will never fail to waſte it ; N in works where 
it imports to preſerve all its nerve, as in the 
bends forged for cannons, they ſhould, if poſſible 


not be heated above once, that they might be beat, 


bent, and ſoldered by one operation; for when iron 
has acquired under the hammer all the force it is 
ſuſceptible of, the fire can do no more than diminiſh 
it. But it is for artiſts to ſee to what point this me- 
tal muſt be wrought to acquire its whole force, and 
which would not be * to be deer mined by 
experiments. | 

By experiments it will be found how advantageous 
it is to uſe only ſtrong iron in buildings, and in the 
conſtruction of veſſels & the leſs is required, and we 
ſhall have beſide 4 more ſolidity. 

By the like experiments, and by making rods of 
iron of different fizes malleable once, twice, and 
thrice, we might aſcertain the maximum of the force 
of iron ; to combine in a certain manner the light+ 
neſs of arms with their ſolidity, to manage the mat- 
ter in other works without the danger of a rupture, 
and to work this metal on uniform and conſtant prin- 
ciples. - Theſe experiments are the only means of 
5 — the art of manipulation of iron; the 

ate would derive great advantages therefrom, for it 


on that of the ore: that, for example, Engliſh, or 
German, or Swediſh iron, is better than that of 


France; 
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France; that the iron of Berri is ſofter than that of 
Burgundy; the nature of mines, is of no effect there- 
in: it is the manner of heating them which does all; 
and what I can affert, from having ſeen it myſelf, 
that is, by malleating iron much, and heating it 
but little, we give more ſtrength to it, and approach 
this maxi mum, of which T can only recommend the 
enquiry, and to which we can attain by the experi- 
ments J have indicated. 

In bullets which! penn times ſubmitted to the trial 
of the greateſt fire ; I perceived that the iron loſt as 
much more of its Ah and ſtrength as it was of- 
tener and longer heated ; its ſubſtance decompoſes, 
its quality alters, and at laſt it degenerates into a 
kind of machefer, or porous light matter which re- 
duces into a kind of lime by the violence and long 
application of fire, Common machefer is of another 
kind, and though it is vulgarly thought not to pro- 
ceed, and even cannot proceed only from iron, I 
have proved the contrary, Macheter is, in fact, a 
matter produced by the fire; but to form it, it is 
not neceſſary to uſe iron, nor any other metal: with 
wood and coal burnt and impelled by a ſtrong fire, 
we ſhall obtain machefer in a very great quantity. 
And, if it is pretended, that this machefer proceeds 
only from the iron contained in the wood (becauſe 
all vegetables contain it in a greater or leſſer quan- 
tity), I aſk why it cannot be extracted from iron in 
a greater quantity than from wood, whoſe ſubſtance 
is fo different from iron > Since this circumſtance 1s 
known to me by experience, it ſupplied me with the 
knowledge of another which till then appeared to 
me inexplicable. In high grounds, and eſpecially. 
in foreſts where there is neither rivers nor brooks, 
and where, conſequently, there never were any forges, 
no more than any ſign of a volcano or ſubterraneous 
fire, we find often great lumps of machefer which 
two men can ſcarcely lift. I ſaw them for the firſt 

time 
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time in 1745, at Montigny VEncoupe, in the fo- 
teſts of M. de Trudaine; I ſearched after it and found 
ſome fince in our woods of Burgundy, which are 
_ Mill more remote from the water than thoſe of Mon- 
tigny, and it has been found alſo in ſeveral places: 
the ſmall pieces have appeared to me to proceed 
from ſome coal furnaces which have been ſuffered to 
burn, but the large can only be cauſed by ſome fire 
in the foreſt when it was in full glory, and the trees 
were large and near enough to make a very fierce hire, 
and to feed it for a long time. 

Machefer, which may be looked upon as a reſidue 
of the combuſtion of wood, contains iron ; and we 
ſhall find in another Memoir the experiments I have 
made to diſcover, by this reſidue, the quantity of 
iron which enters into the compoſition of vegetables. 
This dead earth into which iron is reduced by the 
too long action of the fire, has not appeared to me 
to contain more iron than the machefer of wood, 
which ſeems to prove, that iron is, like wood, a 
combuſtible matter, which iron can equally devour 
by applying it only more violently and a longer 
time. Pliny, with great reaſon ſays, Ferrum accensum 
bieni, mfi duretur ictibus, corumpitur. - Hiſt, Nat. 
lib. xxxiv. cap. xv. We ſhall be perſuaded, if we 
obſerve the firſt loup that is drawn from the fow of 
iron, this loup is a piece of iron melted a ſecond time, 
and which has not been forged ; that is to ſay, con- 
ſolidatcd by the hammer. When it is drawn from 
the ftove where it underwent the moſt violent fire, it 
is heated to a whiteneſs ; it throws off not only 
ſparks, but really burns with a very briſk flame, 
which would conſume a part of its ſubſtance if this 
loup remained too long under the hammer: this 
iron, we may ſay, would be deſtroyed before it was 
formed; it would undergo the complete heat of 
combuſtion if the ſtroke of the hammer, by ap- 
proaching again its part too much divided by — 
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fire, did not make them take the firſt degree of tena- 
city. We draw iron in this ſtate, and till red from 
under the hammer, it is carried to the refiner's 
furnace, where it is penetrated with a new fire: when 
it is white, it is tranſported in the ſame manner, and 
as quick as poſſible to the hammer, under which it 
conſolidates and extends much more than at firſt: 
in ſhort, we replace ſtill this piece to the fire, and it 
is brought to the hammer under which it is entirely 
finiſhed. KT * N - 
It is in this manner all common iron is wrought ; 
they receive but two or three ſtrokes with the ham- 
mer: thus, they have not near the tenacity they 
would acquire if they were wrought not ſo precipi- 
tately, The force of the hammer not only com- 
preſſes the parts of the iron too much divided by the 
fire, but by approaching them, it drives . off all the 
foreign matters, and purifies it by conſolidating it. 
The waſte of iron in droſs is commonly about one 
third, the greateſt part of which is burnt, and the 
reſt flows in fuſion, and forms what is called Les 
Craſſes du fer; theſe are heavier than the machefer of 
wood, and contains a great quantity of iron, which 
is, in fact, very impure and rough, but from 
which we can, nevertheleſs, extract a part by mix- 
ing theſe craſſes ground in a ſmall quantity with the 
ore which is thrown into the furnace: I have expe- 
rienced, that by mixing one ſixth of theſe craſſes with 
five ſixths of depurated by my ſieves, the fuſion did 
not ſenfibly change the quality; but if more was 
put in, it became more brittle, without changi 
colour or grain : but if the ores are leſs depurated, 
theſe craſſes abſolutely ſpoil the fufion ; becauſe, 
being already very rough and brittle of itſelf, it be- 
comes ſtill more ſo by the addition of bad matter; 
inſomuch, that this practice which may become uſo- 
ful in the hands of an able maſter, will in other 
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hands produce ſuch bad effects, that the iron pro- 
ceeding from it cannot be made uſe of. 

Thete is notwithſtanding means, I do not ſay 
of changing, but of eortecting a little the bad qua- 
lity of the fuſion, and ſoften the ſharpneſs of the 
iron which proceeds from it. The firſt of theſe 
means is to diminiſh the force of the wind, whether 
by | changing the inclination of the tunnel, ot by 
ſlackening the motion of the bellows; for the more 
we force the fire, the rougher the iron becomes? 
The ſecond means, and which is ſtill more efficacious; 
is to throw on the iron which ſeparates from the 
drots, a certain quantity of calcareous gravel, ot 
even of lime: this lime ſerves as a fuſer to the vitri- 
fiable parts which the iron contains in too great a 
quantity, and purges it of its impurities. But theſe 
are trifling reſources, which we muſt not admit if 
we have any other, which would never happen if my 
procetles were followed. 

When refiners labour for value; and are paid by 
the quantity, they, like the founders, make as 
much iron in the weck as they can; they contract 
their furnace in the moſt advantageous manner; they 
preſs the fire, find that the bellows does not afford 
fufficient wind, and commonly make as much in two 
heats as would at leaſt require three: we ſhall, 
therefore, never be certain of having iron of a good 
and like quality, but by paying workmen by the 
month, and making them break at the end of every 
week ſome bars of iron that they deliver, to difco- 
ver whether they are not too much forced or ne- 
8 

Good caſting 1 is; in fact, the baſe of all good iron, 
but! it often happens, that by bad practice this good 
iron is ſpoiled. One of theſe bad practices, which 
deftroys the nerve and tenacity of iron, is the uſe 
moſt workmen have of dipping into the water the 
firſt piece they are at work upon, in order to ma- 
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nage it, and be able to hold it again the more readi- 
ly ; I have ſeen, with ſome ſurprize, the prodigious 
difference this dipping occaſions, eſpecially in the 
winter, it not only renders the beſt iron brittle, 
but even changes the grain, and deſtroys the nerve 
ſo much that we would not imagine it to be the ſame 
iron, if we were not convinced by breaking the 
other end of the ſame bar, which having not been. 
dipped, retains its nerve and its common grain. 
This dipping does much leſs hurt in ſummer, but 
does always a little; and if we would have iron al- 
ways of the ſame good quality, this cuſtom muſt be 
abſolutely proſcribed, the hot iron muſt never be 
dipped in water, but wait till it is cooled in the air. 
The caſt ought to be very good to produce iron 
as nervous and tenacious as that made from remelted 
old iron, not by throwing it into the fuſing furnace, 
but by putting it into the refiner's fire. Every 
year a great quantity is bought for my forges, 
from which, with a little care, an excellent iron is 
made. But there is a choice to be made, thoſe which 
proceed from the clippings, or broken pieces of iron 
wire, called Riblons, are the beſt, becauſe they are 
of a purer iron than the reſt ; they bear likewiſe a 
larger price; but, in general, this old iron, al- 
though of a middling quality, produces very good, 
when it is handled by thoſe who know how to treat 
it: it muſt never be mixed with the caſt; if even 
there is found ſome pieces among it, they muſt be 
ſeparated : a certain quantity of droſs muſt alſo be 
put in the furnace, and the fire leſs agitated, and not 
ſo fierce as for the other iron, without which a 
great quantity of it would be burnt, which when 
heated and of a good quality, only affords one fiftn 
waſte, and does not retain near ſo many particles of 
iron as the reſt, With the riblons ſent from the wire: 
workers, who ſupply my forges, and from the iron 
plates whit I have fabricated, I have often made 
iron which was all nerve, and the waſte of which 
Vol. V. . Was 
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was only one fixth ; whereas, the waſte of pig iron 
was commonly double; that is to ſay, one third, and 
often more, to obtain iron of a better quality. 

M. de Montbeillard, lieutenant colonel of the 
royal regiment of artillery, having for many years 
had the inſpection of the manufactures of arms at 
Charleville, Maubeuge, and St. Stephen, has com- 
municated a Memoir to me, which he preſented to 
the miniſter, and in which he treats of this fabrica- 
tion of old iron. He ſays, with great reaſon, 
« That thoſe pieces which have much ſurface, and 
“% thoſe which proceed from old iron and horſes 
c ſhoes, or from rings and buckles, and all pieces 
«© which ſuppoſe that the iron made uſe of 
4 to fabricate them, was ſupple, muſt be preferred 
6“ for the fabrication of guns.” In this Memoir we 
alſo find ſome excellent refleftions on the means of 
perfectionating fire-arms, and to aſcertain the reſiſt- 
ance by the choice of good iron and the manner of 
treating it. The author relates a very good experi- 
ment, which clearly proves, that old iron, and even 
the exfoliations, which many take for the ſcoria, 
ſolder together in the moſt intimate manner; and 
that, conſequently, the iron which proceeds from it 
is as good, and perhaps better than any other. But, 
at the ſame time, he will agree with me; and he ob- 
ſerves, in the courſe of his Memoir, that this exce}- 
lent iron muſt not be uſed alone, for the reaſon even 
of its being too perfect. In fact, iron which has all 
its perfection, is only excellent to be uſed for works 
that require but a gentle heat; for all briſk heat un- 
naturalizes it. I have made reiterated trials on 
pieces of all ſizes; the ſmall unnaturalizes fooner 
than the large, but both loſe the greateſt part of 
their nerve as ſoon as heated white, A ſecond heat, 
like the firſt, changes and completes the deſtruction 
of the nerve; it even alters the quality of the grain, 
which from fine, becomes coarſe and ſhining, like 

| | - that 
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that of the moſt common iron. A third heat ren- 
ders theſe grains ſtill coarſer, and ſuffers the black 
arts of burnt matter to be ſeen already between their 
intervals. At length, by continuing to heat them, 
we attain the laſt degree of its decompoſition, and 
reduce them into a black earth, which no longer 
appears to contain metallic ſubſtance : for this black 
earth has not, like moſt other metallic drofs, the pro- 
perty of revivifying by the application of combuſti- 
ble matters, It contains no more iron than the com- 
mon machefer extracted from the coal of vegetables; 
whereas, the droſs of other metals reviviſies almoſt 
entirely, at leaſt, the greateſt part of it; and this 
fully demonſtrates, that iron is almoſt entirely com- 
buſtible. | | | 
This iron which is extracted, as much from this 
earth or iron droſs, as from the machefer produced 
from coal, has appeared to me of a ſingular quality, 
and is very magnetic and infuſible. I have found 
black ſand as magnetic, indiſſoluble, and almoſt in- 
fuſible, in ſome of the mines I had explored. This 
feruginous and magnetic ſand is found mixed with 
that of ore which is not at all ſo, and certainly 
proceeds from quite another cauſe. Fire produced 
this magnetical ſand, and water the ore ; and when 
by chance they are found mixed, it is from a great 
maſs of wood having been burnt, or furnaces off coal 
having been made on the foil which incloſes the 
mine ; and that this feruginous ſand, which 1s only 
the waſte of the machefer, which water can neither 
ruſt nor diſſolve, has penetrated by the filtration of 
the waters near the beds of the ore in grain, which 
are often only two or three feet deep. It has been 
obſerved in the preceding Memoir, that this ferugi- 
nous ſand. which proceeds from the machefer of ve- 
getables, and from iron burnt as much as it could 
be, ſeems to be the ſame in every reſpect as that 
found in platina, 
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The moſt perfect iron is that which has almoſt no 
grain, and which is entirely of an aſh colour. Black 
iron is very good, and, perhaps, preferable to the 
firſt for all uſes where this metal is required to be 
heated more than once before it is uſed, Iron of the 
third quality, and which 1s half nerve and half grain, 
is the beſt iron for commerce, becauſe it can be heat- 
ed two or three times before it is unnaturalized, Iron 
without any nerve, but with a fine grain, ſerves alſo 
for many uſes ; but iron without nerve and large 
grain, ought to be proſcribed, and does the greateſt 
miſchief in ſociety, becauſe, unfortunately it is an 
hundred times more common than the reſt: one 
glance is only requiſite for a man verſed in the art to 
know the good or bad quality of iron ; but people 
who make uſe of it, either in ſtructures or equipages, 
are not acquainted with it, or do not regard it, and 
often pay as much as for the beſt ; for iron, which a 
weight will break, or which ruſt, will deſtroy in 
a little time, | 
Foraſmuch as a briſk heat waſtes iron, ſo much a 
gentle heat, which only reddens it, ſeems to amelio- 
rate it, It 1s for this reaſon, that iron deſtined 
for the battery, does not require fabricating 
with ſo much care as thoſe called fers marchands, 
or mercantile iron, which ought to have all 
their quality. Iron makes a ſeparate claſs ; it can- 
not be too pure, if it contains heterrogenous parts 
it would become very brittle, Now, there is no 
other mode of rendering it pure, but by heating 
it the firſt time to a whiteneſs, and hammering 
it with as much force as precaution, and after- 
wards heating it again in order to finiſh depurat- 
ing it under the hammer, by lengthening it to make 
iron rods, But iron, deſtined to be cut to make 
common flat iron; in one word, all kinds that 
muſt paſs under cylinders, do not require the ſame 
gegree of perfection, becauſe they aineliorate in the 
25 | furnace 
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furnace, where only wood is made uſe of, and 
in which all theſe irons only take the ſecond 
degree of heat, of a red fire colour, which is ſuth- 
cient to ſoften it, and ſuffers them to flatten and ex- 
tend under cylinders, and to be afterwards cut by 
the workers of iron: nevertheleſs, if we would have 
very oft rod iron like that neceſſary for horſe- nails; 
it we would have iron flatted which has much nerve, 
as thoſe muſt be which are uſed for wheels, and par- 
ticularly thoſe which are made from a fingle piece, 
in which at leaſt a third of nerve, or ſpring, 1s re- 
quired, the iron ought to be of a good quality ; 
tor, I have obſerved, that the gentle fire of a ſtove, 
and the ſtrong compreſſion of the cylinders, renders, 
in fact, the grain of the iron much finer, and gives 
even ſtrength to that which had only a very fine grain; 
but it never ſtrengthens the large grain of com- 
mon iron: ſo that with bad iron with large grains, 
rods and flatted iron might be made, whoſe grain 
would not be ſo coarſe, but which would be too brit- 
tle to be uſed in the caſes I ſpeak of. 

It is the ſame with ſteel; we cannot have too 
good ſtuff to make it of, and it 1s provoking, 
that they make uſe of quite the contrary, for almoſt 
all the plates in France are made with common iron; 
they break in bending, and burn or periſh 1n a very 
little time; whereas, the plates made in Sweden or 
England, with good nervous iron, may be bent 
without breaking, and will endure twenty times 
longer than the other. At my forges all fizes. and 
all thickneſſes have been made; they have been 
uſed at Paris for pots and other kitchen furniture, 
which they had reaſon to prefer to thoſe made of 
copper. With this ſame plate a great number of 
ſtoves, chains, and pipes have been made, and I have 
had the experiment a thouſand times reiterated with- 
in theſe four years; that it can endure, as I ſay, 
cither in the fire or air much longer than the com- 
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mon ; but, as it is ſomewhat dearer, the uſe of it is 
leſs, and it is only aſked for in certain uſes where 
the other could not be employed. It may be ſaid, 
that in France a general compact has been made 
to make uſe of only what is the worſt of this kind. 
With nervous iron we can always make excellent 
plates: thoſe who flatten theſe under the hammer, 
after having heated them in a coal fire, have a very 
bad cuſtom. Coal fire, impelled by the bellows, 
ſpoils this iron ; that of the kiln only perfectionates 
it: beſides, it coſts as little again to work it by the 
cylinder as by the hammer. Here intereſt agrees 
with the theory of art; it is, therefore, only ignor- 
ance which can uphold this practice, which, ne- 
vertheleſs, is the moſt general; for there is, perhaps, 
among all the iron plate fabricated in France more 
than three fourths which have been made by the 
hammer. This cannot be otherwiſe, it will be ſaid, 
all ſmiths have not a refinery by their fides; I ac- 
knowledge it, and it is that I complain of. We are 
wrong in permitting theſe little particular eſtabliſn- 
ments which ſubfiſt only by buying iron at the 
large forges at the beſt price, to fabricate it afterwards 
into plates and ſmall iron-work of the worſt quality. 
Another very important object is plough- iron; 
it cannot be imagined how great trouble the bad 
quality of iron gives to the workers of it. Iron is 
inhumanly put into their hands which breaks at the 
leaſt ſtroke, and which they are obliged to renew 
almoſt as often as their tillage: they are made to 
pay a very high price for bad ſteel, with which the 
points of this ſtill worſe iron is armed, and the 
whole is loſt at the expiration of a ycar, and often 
in a ſhorter time: whereas, by uſing for theſe 
plough-ſhares, the beſt and moſt nervous iron, 
they might be warranted for twenty years, and 
even without ſteeling of the point; for I have 
made many hundreds of theſe * 30 
| whic 
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which I have tried ſome without ſteeling, and they 
are found to be of a ſtuff ſufficiently firm to reſiſt 
labour. I have made the ſame experiment on a 
great number of pick-axes ; it is the bad quality of 
our iron which has eſtabliſhed among the iron- 
workers the general uſe of putting ſteel to theſe in- 
ſtruments, which there would be no need of if they 
were of good iron fabricated with iron paſſed under 
cylinders, 

| own that there are certain cuſtoms, for which 
rough iron might be fabricated, but it muſt not be in 
too large grain, nor too brittle : lath nails, tacks, 
and other ſmall nails, bend when they are made 
of too ſoft iron ; but, excepting this ſole uſe, I do 
not fee any need of making uſe of this brittle iron. 

Ihe beſt iron, i. e. that which is ſtrongeſt, and con- 
ſequently has not elenfity, can bear one or two hundred 
firokes without breaking; and as it, nevertheleſs, is 
requifit to be broke for ſervice, and as it would re- 
quire much time, even with the aſſiſtance of ſteel 
ſhears, it is better to cut the hot bars about half their 
thickneſs with the hammer at the forge ; this does 
not prevent the {ſmith to finiſh them, and ſpares much 
time to the flatter and workers of it. All the iron 
which I have broken with powerful ſtrokes, heats 
ſo much the more as it is ſtronger and oftene# 
ſtruck ; it not only grows burning hot, but it takes a 
magnetical quality, as if it was rubbed on a loadſtone. 
Being aſſured of the conſtancy of this effect, by ſeve- 
ral obſervations, I was defirous to fee if I could pro- 
duce it without percuſſion ; for which purpoſe I took 
a ſmall iron rod of my moſt pliable iron, and which I 
knew.was very difficult to break, and having bent 
and rebent it, by the hands of a ſtrong man ſeven or 
eight times ſucceſſively, I found the iron very hot at 
the point where it had been bent, and had all the 
virtue of a bar of iron touched with a loadſtone. 1 


ſhall 
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ſhall have occafion hereafter to return to this phæno- 
mena, which belongs partly to the theory of magne- 
tiſm, and which 1 only mention here to demonſtrate, 
that the more tenacious a matter is, the nearer it is of 
producing heat and all the other effects depending on 
it; and, at the fame time, to prove, that the timple | 


preſſure producing the friction of the internal parts, is 


equivalent to the effect of the moſt violent percuſſion. 
Iron is commonly ſoldered on itſelf, but the great- 


eſt caution is requiſite, that it is not found a little 


weaker in the ſoldering part; for to unite and ſolder 


the two ends of a bar, they are heated to a white 
heat, when the iron is quite ready to melt, which 


does not happen without its loting all its tenacity, and, 
conſequently, its nerve: it cannot, therefore, regain 
it in the ſoldered part, but by the percuſſion of the 


hammers which two or three workmen cauſe to ſuc- 


ceed as rapid as poſſible ; but this percuſſion is very 
weak, and even flow in compariſon of that of the 
hammer of the forge; ſo that the ſoldered part, 
however good the ſtuff may be, will have but little 


nerve, and often none at all, if the moment was not 
caught when the two pieces were equally hot, and if 


the motion of the hammer has not been quick and 


ſtrong enough to unite them perfectly: fo likewiſe, 
when important pieces are to be ſoldered, they ſnould 


be done under the quickeſt ftrokes of the hammer. 


The folder in cannon is one of the moſt important 
things: Mr. Montbeillard, in the Memoir I have 
quoted, gives very good lights on this matter, and. 


even decifive experiments. I am of his opinion, that 
as the maquette, or band, muſt be heated a number of 


times white to ſolder cannon its whole length, we 


muſt not uſe iron which is in its entire perfect ſtate 
becauſe it would waſte by theſe frequent ſtrong heats; 
but we muſt, on the contrary, chuſe iron, which not 
being ſo pure as it may be made, will rather gain the 
quality which the other would loſe by theſe heats ; 


but 
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but this article alone would require a great work made 
and directed by a man as enlightened as M. de 
Montbeillard, and the object is of ſo great import- 
ance to the life of mankind, and the glory of the 
ſtate, that it merits the greateſt attention. 

Iron decompoſes by humidity as by fire: it attracts 
the moiſture of the air, is penetrated by its ruſt; that 
is to ſay, converts itfelf into an earth without cons 
nection and without coherence ; this converfion is 
made in a very little time in iron which is of a bad 
quality : that which is good, or whoſe ſurfaces are 
cloſe or poliſhed, defend themſelves longer from ruſt, 
but all are ſubject to this evil, which from the ſuper- 
fcies ſoon reaches the internal parts, and in time 
deftroys the whole body of the iron. It preſerves it- 
ſelf much better in water than in air; and although we 
perceive its alteration by the black colour it takes 
there, it is not unnaturalized, but can be forged; 
whereas, that which has. been expoſed to the air for 
many years, and which the French ſmiths call fer 
lune, or moon iron, becauſe they imagine it is de- 
voured by the moon, can neither be forged nor be of 


any uſe ; at leaſt, unleſs it is revivified like the ruſt 


and ſaffron of ſteel, which commonly coſts more than 
the iron is worth. This is, then, what the difference 
in the decompoſitions of iron confiſts : in that made 
by fire, the greateſt part of the iron is burnt, and 
exhaled in vapours like other combuſtible matters ; 
and there remains only a mackeftr or droſs which con- 
tains, like that of wood, a ſmall quantity of matter 
very attractable by the loadſtone, and which is real 
iron, but which appears of a nature fo fingular and 
ſimilar, as I have obſerved the feruginous ſand which 
is found in ſuch great quantities in platina. The de- 
compoſition by humidity does not nearly diminiſh the 
maſs of iron ſo much as combuſtion, but it alters all 
the parts thereof ſo as to make them loſe their mag- 


netical virtue, their coherence, and their metallic 
Vox. V. colour. 
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colour. It is from this ruſt, or earth of iron, that 
the grain ore is in part compoſed : the water, after 
having attenuated theſe particles of ruſt, and having 


reduced them into molecules, carries them off, and 


depoſes then by filtration in the bowels of the earth, 
where they re-unite in grain by a ſort of chryſtalliſa- 
tion, made by the mutual attraction of analogous 
molecules. As this ruſt alſo is deprived of its mag- 
netic virtue, it is not ſurprizing, that the grain ore 
proceeding from it is equally deficient in it. This 
appears to demonſtrate in a clear manner, that mag- 
netiſm ſuppoſes the precedent action of the fire; that 
it is a particular quality that the fire gives to iron, and 
which the humidity of the air raiſes by decompoſing 
If a quantity of iron filings, which have not con- 
tracted any ruſt, be covered with water, and ſuf- 
fered to dry, they will be perceived to unite by 
that intermedium alone, ſo far as to form a mals ſo 
very ſolid as not to be broken but by very powerful 
ſtrokes: it is not, therefore, water preciſely which 
decompoſes iron, and produces ruſt, but rather the 
ſalts and ſulphureous vapours of the air; for iron 
is. known to be eaſily diſſolved by acids and ſulphur. 
By putting an hot iron rod to ſulphur, the iron 
flows in a moment; and by receiving it in water, 
{mall ſhot are obtained which are no longer iron; 
for I have proved that they cannot unite by the 
fire, being a matter whick can only be compared 
to pyrite, in which the iron appears to be equally 
decompoſed by the ſulphur, and this] think is the 
reaſon that almoſt on all the ſurface of the earth, and 
under the firſt body of its external ſtrata, there are 
a ſufficient quantity of theſe pyrites, whoſe grain 
reſembles bad iron, but which contain only a very 
ſmall quantity of it, mixed with much vitriolic acid, 
and more or leſs ſulphur. 


FIFTH 
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FIFTH ME M OI R. 
EXPERIMENTS on the Effects of obſcure Heat. 


O diſcover the effects of obſcure heat, 1. e. of 

heat deprived of light, flame, and open fire, 

as much as poſſible, I made ſome experiments, the 
reſults of which appear very intereſting, 


FIRST EXPERIMENT. 


ABOUT the latter end of Auguſt, 1772, we be- 
gan to put burning coals into the crucible of the 
reat furnace uſed for 'melting iron ore to run it 
into ſows ; theſe coals dried the mortars which were 
made of clay, mixed with an equal portion of vi- 
treſcible ſand. The furnace is twenty-three feet 
high. By the guelard (for ſo the upper opening of 
the furnace is called) the live coals were thrown in 
which were brought from the ſmall experimental 
furnaces : a ſufficient quantity of coals were ſucceſ- 
fively put in to fill the bottom of the furnace as far 
as the cuve (for ſo the greateſt capacity of the fur- 
nace is called) which was ſeven feet two inches high 
from the bottom of the crucible : by this means we 
gave to the furnace a moderate heat, which was not 
telt in the upper part, 

The 10th of September, all theſe coals reduced 
into cinders were taken*out, and when the crucible 
had been thoroughly cleaned, ſome live coals were 
put therein, to 690 lb. weight; after this, fire was 
ſet to them, and the next morning, the furnace was 
continued to be filled to the amount of 4800 lb. 
more, making in all 5400 lb. of coal. | 

During the time the entrance of the crucible was 
left open, and the tunnel well ſtopped to prevent the 
fire communicating to the bellows. The firſt im- 
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preſſion of this great heat was marked by two ſmall 
cracks: the coal, nevertheleſs, although thoroughly 


lighted at bottom, was yet but low, and the furnace 


gave to the guelard but a very little ſmoke the ſame 
evening at ſix o'clock; for this upper opening was 
ee no more than the opening of the cru- 
cidle. 

At nine the ſame evening the flame reached the to 
of the furnace, and as it became very briſk in a ſhort 
time, the opening of the crucible was cloſed at ten 


o O'clock ; the flame, although greatly abated by this 


ſuppreſſion of air, was kept up the following day and 
night; ſo that next day, the 1 3th of September, to- 
wards four o'clock in the evening, the coals had ſunk 
a little more than four feet. This void was filled im- 
mediately with 440 lb. of coals; ſo the ſurface had 
been then charged with 5840 lb. of coals. _ 

_ Afterwards the upper opening was ſtopped with a 
broad and ftrong iron plate, cloted round with a mor- 
tar made of clay and ſand, mixed with powdered 
coals, and charged a foot thick with this powdered 
coal moiſtened. The furnace was left thus ſtopped 
from the 13th to the 28th of the ſame month, during 
which time I remarked, that although there was no 
flame in the furnace, nor even any luminous fire, the 
heat ſtill increaſed and communicated about the cavi- 
ty of the furnace, 

The 28th, atten o'clock in the morning, we un- 
ſtopped the upper opening with care, for fear of be- 
ing ſuffocated by the ſulphur of the coal: I remarked 
before opening it, that the heat had gained as far as 
four feet and anhalfin the thickneſs of the maſs which 
formed the top of the furnace, This heat was not 
very great about the hure, (for ſo the upper part of 
the furnace is called, which riſes above its platform); 
but in proportion as we approached the cavity, the 
ſtones were ſo very hot, that it was not poſſible to 
touch them a moment ; the mortar in the joints of the 

| ſtones 
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ſtones were in part burnt, and the heat was ſtill much 
reater at the bottom of the furnace; for the ſtones 

— 9 the tunnel were exceſſively hot through their 

whole thickneſs, to the height of four or five feet. 

The moment the gue/ard of the furnace was unſto 
ped, a ſufſocating vapour iſſued, from which it 
was requiſite to get away, and which gave the 
head-ach to ſeveral of our aſſiſtants. When this va- 

ur was diſſipated, we meaſured how much the coals 

ad diminiſhed in fifteen days thus deprived of air, 
and we found, that it had ſunk fourteen feet five 
inches ; ſo that the furnace was amply as far as the 
cave, 

Afterwards I obſerved the furface of this coal, and 

erceived a {mall flame which then commenced, be- 
ing before abſolutely black and without flame. In 
leis than an hour, this ſmall bluiſh flame grew red in 
the center, and roſe about two feet above the coals. 

An hour after, having cloſed up the guelard, I 
opened the entrance of the crucible. The firſt thin 
which preſented was not fire, as might have been 
preſumed, but ſcoria proceeding from the coals, and 
which reſembled light machefer, or droſs : this ma- 
chefer was in a pretty large quantity, and filled all 
the internal part of the crucible ; and what 2 
ſingular was, that although it was formed only by 
great heat, it had intercepted this heat above the cru- 
cible, ſo that the parts of this machefer which were 
at bottom, may be ſaid to have been only lukewarm ; 
nevertheleſs, they adhered to the bottom and fides of 
the crucible, and had reduced ſome portion of it ta 
three or four inches deep, into lime, 

This machefer I had pulled out and put on one fide, 
as were the lime and other reduced parts. This calci- 
nation, made without flame, appeared to proceed 
dartly from the action of theſe ſcoria : I thought that 
this fire without flame was too dry, and that if I had 
nixed a portion of yitreſcible earth with the coals, 

| | | this 
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this earth would have ſerved as food for the heat, and 
become melting matters which would have preſerved 
the ſurface of the furnace from calcination. 
Be it as it may, we find by this experiment, that 
heat alone, i. e. obſcure heat, incloſed and deprived 
of air as much as poſſible, produces, nevertheleſs, 
effects ſimilar to thoſe of the moſt active and luminous 
fire. We know that it muſt be very fierce to calcine 
ſtone. What I choſe for the conſtruction of the work 
and chimney of my furnace, was the leaſt calcinable 
of all calcareous ſtones and the moſt reſiſting to fire: 
this ſtone likewiſe was cut and laid with care ; the 
ſmalleſt parts were a foot thick, and a foot and an 
half broad, by three and four feet long. In this large 
volume the ſtone is much more difficult to calcine, 
than when it is reduced into ſmall pieces : yet, this 
heat not only calcined theſe ſtones near half a foot 
deep in the narroweſt and coldeſt part of the furnace, 
but alſo burnt at the ſame time the mortar made of 
clay and ſand without melting them, which laſt would 
have pleaſed me better, becauſe then the joints 
would have been preſerved whole; whereas, the 
heat having followed theſe joints, ſtill calcined the 
ſtones on them. But to render the effects of this ob- 
ſcure and concentrated heat better underſtood ; firſt, 
that the furnace being twenty-eight feet thick of two 
facies, and twenty-four. feet thick of the two other 
facies; and the cavity where the coal was contained 
being only fix feet in its largeſt breadth : the walls 
were nine feet thick of a 1B work of lime and 
fand ; that, conſequently, no air could be fuppoſed 
to paſs through. Secondly, this cavity with coals, 
having been ſtopped at bottom, with clay mixed 
with ſand a foot thick, and to the tunnel with the like 
mortar, It is not to be preſumed, that any air could 
enter by theſe two openings. Thirdly, that the gue: 
lard of the furnace being ſhut up with a ſtrong iron 
plate, heated and covered with the fame mortar abcut 
| ; nx 
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fix inches thick, and beſides ſurrounded and covered 
with athes mixed with this mortar fix inches high, all 
acceſs of air was ſtopped through this opening : it may, 
therefore, be aſſerted, that there was no air circulating 
in all this cavity, the capacity of which was 330 cube 
feet, and that having filled it with 5400 1b. of coals, 
the fire in this cavity could only be ted with the ſmall 
quantity of air contained-in the intervals which were 
left between the coals. As this matter thrown one 
on the other left great voids, ſuppoſing half, or even 
three-fourths, there was then in this cavity only 
165, or at moſt 248 cubical feet of air. Now, 
the fire of the furnace, excited by the bellows, con- 
ſumed this air in leſs than half a minute, and yet it 
ſeems to have been ſufficient to ſupport the heat for 
fifteen hours, and increaſe it nearly as much as the 
open fire, fince it calcined ſtones four inches at bot- 
tom, and more than two feet in the middle, and 
throughout the whole extent of the furnace. As this 
appeared to me inconceivable, I immediately added 
to the 248 cube feet of air, all the vapour of the hu-- 
midity of the walls, which the concentrated heat did 
not fail to attract, and of which it was ſcarcely poſſi- 
ble to make a juſt eſtimation. Theſe are the only ali- 
ments, (air and vapours,) which this very great heat 
conſumed in fifteen days; for little or no air diſen- 
gaged fromthe coals in Landon: although more than 
one third of the weight of oak well dried is loſt in com- 
buſtion.* This fixed air contained in wood is driven 
off by the firſt operation of fire, which converts it. 
into charcoal; and if any remains, it is only in ſo 
ſmall a quantity, that it cannot be regarded as the 
ſupplement of air which remained for the ſupport of 
the fire: thus, this very great heat, and which was 
increaſed to the point of — calcining the ſtones, 
was ſupported only by 248 cubical feet of air, and b 
the moiſt vapours of the walls: and if we ſhould — 
| © 


* Dr, Hale's Vegetable Statics, page 152. 
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poſe the ſucceſſive product of this humidity to be one 


hundred times more confiderable than the volume of 
air contained in the furnace, that will make only 
24800 cubical feet of vapours; a quantity an open 
fire, animated by the bellbws, would conſume in leſs 
than thirty minutes, whereas this heat conſumes it 
only in > Hem days. | by 
What is ſtill neceſſary to obſerve is, that this open 
and animated fire would have conſumed in eleven or 
twelve hours the 3600 lb. of coal, which the obſcure 
heat conſumed only in fifteen days; it, therefore, had 
only a thirtieth part of the food of the open fire, 
ſince there was thirty times as much time employed 
for the conſumption of the combuſtible matter ; and, 
at the ſame time, about 720 times leſs air or vapours: 
nevertheleſs, the effects of this obſcure heat were the 
ſame as thoſe of the open fire; for it would have re- 
quired fifteen days for this fierce and animated fire to 
calcine ſtones to the ſame degree as they were to. heat 
alone, which demonſtrates, on one hand, the immenſe 
deperdition of the heat when it exhales with the va- 
pours and flame; and, on the other, the great effects 
that may be expected from its concentration, coer- 
cion, or detention; for this retained and concentrated 
heat having produced the ſame effects as an open and 
fierce fire, with thirty times leſs combuſtible matter, 
and 720 times leſs air, and being ſuppoſed in a com- 
pound ratio of theſe two elements, 1t muſt be con- 
cluded, that in our great furnaces 27000 times more 
heat will be loſt than will be applied either to the ore 
or fides of the furnace; ſo that it would be imagined* 
that the reverberatory furnaces, where the heat is 
more concentrated, ought to produce the fierceſt fire. 
| Nevertheleſs, I have — the contrary, our iron 
ore not being even agglutinated by the reverberatory 
fire of the glaſs-houſe in Rouelles, in Burgundy, 
whereas it melts in twelve hours in my wind furnace: 
this difference partakes vf the principle which I have 


given. 
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given; | Fire, by its velocity or volume, produces 
quite different effects on certain ſubſtances, ſuch as 
iron ore; whereas, on others, ſuch as calcareous 
ſtone, it may produce the like. Fuſion, in general, 
isa ready operation, which muſt have mote relation 
with the velocity of fire than calcination, which is 
always flower, and which muſt in many caſes have 
mote aflinity with the volume of fire, than to its ve- 
locity. We ſhall find by the following experiment, 
that this retained and concentrated heat had no effect 
on the iron ore e 


SECOND EXPERIMENT. 


IN the ſame furnace, I melted iron by keeping it 


continually filled with coals, but wichout any ore; in 


order to extract all the melted matter; and when 1 
was aflured no more remained, I ſhut cloſe the open- 
ings, and covered them with brick and mortar made 


of clay and {and : I afterwards had as much ore put 


upon the coal as could enter into the void ſpace on 
the top of the ſurtace. There entered this firſt. time 


1620lb. after which I cloſed it up as before, with 


the addition: of powdered coal. It may be well 
unagincd what an immenſe beat I incloſed thus in 
the furnace, all the coal being lighted before I ſtop- 
ped the blail of wind; all the ſtones were red; and. 
this heat could only exhale by two ſmall cracks in the 
furnace, which I ſtopped with mortar ; three days 
after, I unſtopped the güelard, and faw with fur- 
prize, that the burning coals, although compreſſed, 
bad only ſunk fixtcew inches in three days; I imme- 
diately repleniſhed thele ſixteen inches with 150 lb. 
of ore, Three days afterwards, Lopened this fame 
guelard, and found the ſame ſpace of fixtcen inches, 
which I again ,repleniſhed with 1500Ib. of ore: 
thus, there was 4620 lb. on the coals. Six days at- 
ter, I opencd the guelard for the third time, and 

Vor. V. X found, 
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found, that during theſe ſix days, the coals had 
only ſunk twenty inches, which was repleniſhed 
with 16001b. of ore. At laſt, nine days after it was 
opened for the fourth time, I ſaw, that during theſe 
nine days the coals had only ſunk nine inches. The 
guelard was again ſhut with the ſame precautions, 
and the next morning I took the brick-work which 
covered the opening at bottom, keeping always the 
guelard cloſe ſhut, to avoid the current of air which 
would have inflamed the coals. The firſt thing that 
was drawn out were pieces reduced to lime in the 
furnace work ; ſome ſmall pieces of machefer were 
alſo found, and ſome others of a bad digeſted fuſion, 
and about 1+1b. of very good iron, formed by con- 
gulation, | 
After having drawn all theſe matters out, the 
coals were ſuffered to fall : the firſt that appeared 
was ſcarcely red, but as ſoon as it felt the air, it be- 
came very red: it was immediately drawn out and 
extinguiſhed with water. The guelard being ſtill 
kept thut, all the coals were drawn out by this open- 
ing, and alſo all the ore which I had loaded it with. 
The quantity of coals drawn from the furnace 
amounted to 1151 buſhels ; ſo that in theſe twenty- 
two days violent heat, only ſeventeen buſhels were 
conſumed ; for the furnace contained only 135, and 
as there were fixteen inches and an half void ſpace 
when it was ſtopped, we muſt deduct two buſhels 
Which would have been neceſſary to fill this void. 
Aſtoniſhed at this ſmall conſumption of coal in 
this time, I inſpected them more narrowly, and 
found, that although they had loſt little of their vo- 
lume, they had loſt much of their maſs; and that 
although the water with which they had been extin- 
guiſhed, added to their weight, they were ſtill a 
third lighter than when they were thrown into the 
furnace ; notwithſtanding which, having ſent them 
; | | to 
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to the iron workers, they were good enough to heat 

the ſmall bars of iron to a whiteneſs. - © 
The ore was taken out at the ſame time as the 

coals, and carefully ſeparated therefrom: the very 


violent heat which it had endured ſo long, had nei- 


ther melted, burnt, nor even agglutinated it; it 
was only become more gloſly. The vitreſeible ſand, 
and the ſmall flints mixed with it, were not melted, 
and it appeared not to have loſt only: the humidity it 
contained before, for it had hardly loſt a fifteenth of 
its weight, and about a twentieth in volume, which 
laſt was loſt in the coals. 

From this experiment reſults, firſt, That the moſt 
violent heat concentrated for a long time, cannot, 
without the aid and renewal of air, melt iron ore, 
nor even vitreſcible ſand, whereas àa much leſs heat 
of the ſame kind can calcine calcareous matters. 
Secondly, "That coals penetrated by heat or fire, di- 
minithes in maſs a long time before it diminiſhes in 
volume, and that its moſt combuſtible parts-are the 
firſt which it loſes; for, by comparing this ſecond 
experiment with the firſt, from-whence does it pro- 
ceed, that the ſame quantity of coals conſume 
quicker by a moderate heat, than by a fiercer, when 
both are alike deprived of air, alike retained and con- 
centrated in the ſame cloſe veſſel? In the firſt expe- 
riment, the coals, in a cold cavity, which had proved 
only the ſlight impreſſion of a fire ſtifled the moment 
the flame was perceived, had, nevertheleſs, dimi- 
niſhed two thirds in fifteen days; whereas, the ſame 
coals, inflamed as much as poſſible by the blaſt of, 
the bellows, and receiving the immenſe heat of the 
red ſtones around it, did not diminiſh a fixteenth in 
twenty-two days. This would be inexplicable if it 
was not conſidered, that in the firſt caſe the coals 


had all their denfity, and all the combuſtible parts; 


whereas, in the ſecond, when it was in the ſtrongeſt 
incandeſcence, all its moſt combuſtible parts were 
burnt. 
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burnt. Ia the firſt experiment, the heat, at firſt 
very moderate, increaſed in proportion with the com- 
buſtion, and communicated more and more to the 
whole maſs of coals. In the ſecond experiment, the 
heat diminithed in proportion as the coals left off 
burning, and could no longer afford ſo much hear, 
becauſe its combuſtion was very forward at the time 
it was ſhut: this, then, is the true cauſe of the dif- 
ferent effects. The coal in the firſt experiment con- 
taining all its combuſtible parts, burns better, and 
conſumes faſter than that of the ſecond experiment, 


which ſcarcely contained any more combuſtible mat- 


ter, and could not increaſe its fire, nor even ſupport 
It at the ſame degree, but by borrowing from the fur- 
nace walls. It is for this reaſon alone, that com- 
buſtion diminiſhes; and that, in the whole, it had 
been much'leſs and ſlower than the other which in- 
creaſed and was made in leſs time. When all ac- 
cels of air is obſtructed, and the incloſed matters 
contain only little or nothing in their ſubſtance, they 
will not conſume, however violent the heat may be; 
but if there remains a certain quantity of air between 
the interſtices of the combuſtible matter, it will con- 
ſume ſq much the quicker, and fo much the more it 
will be able to furnith itſelf with a greater quantity of 
air. "Thirdly, There reſults ſtill from theſe experi- 
ments, that the moſt violent heat, as ſoon as it is no 
longer fed, produces lets effect than the ſmalleſt heat 
which is ſupplied : the firft may be ſaid to be a dving 
heat, which only cauſes itſelf to be perceived by its 
deperdition ; the other is a living beat, which in- 
creaſes in proportion to the food it conſumes. T'o 
diſcover what this dying heat, i. e. this heatdeprived 
of all food might produce, I have made the following 
experiment, | 


THIRD 
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THIRD EXPERIMENT... 
AFTER having drawn from the furnace all the 
coals contained therein, and entirely* emptied it 
of ore, and of every other matter, I carefully in- 


cloſed it as before, all the ſtones of the ſides being 


vet hot: the air could not; therefore; enter into the 
furnace to cool it, and the heat could not paſs out 
but through walls nine feet thick. Obſerving, there- 
fore, what would reſult therefrom, I perceived, that 
the effect of the heat was carried upwards, and that, 
although this heat was not living fire, or fed by any 
combuſtible matter, it ſoon reddened the ſtrong iron 
plate which covered the guelard : that this incande- 
icence given by the obſcure heat to this large piece 
of iron, communicated by contact to the whole mals 
of coal duſt, which covered the mortar of this plate, 
and ſet fire to ſome wood which was put thereon. 
Thus, the ſole evaporation of this heat, produced 
the fame effe& as live heat well ſupphed : this heat 
always tending upwards, and uniting at the opening 
of the guelard below the iron plate, made it red, lu- 
minous, and capable of inflaming combuſtible mat- 
ters; from whence it muſt be concluded, that by 
increaſing the maſs of obſcure heat, light may be 
produced in the ſame manner, as by augmenting 
the mals of light we produce heat: from hence theſe 
two ſubſtances are reciprocally convertible one into 
the other, and both neceſſary to the element of fire. 
When this iron plate which covered the upper 
opening of the furnace, and which the fire had red- 


dened, was taken off, a flight vapour iſſued out, 


which appeared inflamed and diffipated in a mo- 
ment : I then obſerved the ſtones of the furnace cal- 
cined very deeply; and, in fact, having ſuffered the 
furnace to cool, they were calcined to the depth of 
two feet and an half, which could only-proceed 9 
2 the 
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the heat which I had ſhut up in my firſt expert- 
ments, 9 5 8 | h : 
From this experiment we may learn the method 
of burning ſtone, and making of lime at a leſs ex- 
one; i. e. to diminiſh greatly the quantity of wood 
y making uſe of a well- incloſed furnace inſtead of 
open ones: a ſmall quantity of coal will be only re- 
quiſite in a few days to convert into lime, all the 
ſones in the furnace, and even the walls of the fur- 
nace, to more thana foot thick, if it was very nicely 
incloſed, ; | | 
As ſoon as the furnace was cool enough to ſuffer 
the workmen to work, all the internal part was 
obliged to be demoliſhed. From a circular thick- 
neſs of four feet, we extracted fifty-four buſhels of 
lime, on which I made the following experiments: 
4. This ſtone was not ſo light as ſtone calcined in the 
common road, which loſes half its weight, whereas 
mine loſt only three-eighths. 2. It did not ſo gree- 
dily drink up the water as the other, nor gave at 
firſt any ſign of ebullition ; but in a ſhort time it 
ſwelled and divided, ſo that there was no occaſion to 
ſir it like the common. 3. Its taſte was ſharper, 
and it conſequently contained more fixed alkali, 
4. It is infinitely better, more binding, and ſtronger. 
5. It did not extinguiſh in the air till after ſome 
time, whereas only a day or two is required to re- 
duce common quick lime into powder in the open 


air; but this reſiſted the air for five or ſix weeks. 


6. Inſtead of being reduced into a dry powder it 
preſerved its volume, and when divided by break- 
ing, it appeared ductile and penetrated by a fat and 
binding moiſture, which can only procced from the 
moiſture of the air which the ſtone powerfully at- 
tracted and abſorbed during the five weeks. On the 
whole, the lime commonly taken from forge fur- 
paces has the ſame properties; therefore, an obſcure 

| an 
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and gentle heat produces. the ſame effects as th 
fierceſt ire. | 5% 
From this demolition of the internal part 
of the furnace, we had 232 quarters of ſtone, 
all more or leſs deeply calcined :. theſe quarters 
were commonly four feet in length, and moſt of 
them reduced into lime as far as eight inches, and. 
others to two feet, and even two feet and an half; 
and this calcined portion ſeparated eaſily from the 
reſt of the ſtone which was found, even harder 
than when firſt laid, This obſervation induced me 
to make the following experiment. | 


FOURTH EXPERIMENT. - 


I cauſed three pieces of this ſtone to be weighed, 
and I compared the ſpecific weight of them with 
three other pieces of nearly the ſame volume, which 
was taken from the ſame ſtone which had not been 
uſed for the conſtruction of the furnace, nor conſe- 
quently heated, but which had becn cut from the 
ſame quarry nine months before. I found, that the 
ſpecific weight of the heated ſtones was conſtantly 
greater than that of the ſame ſtone not heated by an 
81 on the firſt piece, go on the ſecond, and 85 on 
the third; therefore, the ſtone heated almoſt to cal- 
eination gained at leaſt an 86th of the maſs, whereas 
it loſes 3-$ths by calcination, which ſuppoſes only 
a farther degree of heat. This difference can only 
proceed, that from a certain degree of violent heat, 
or fire, all the air and water transformed into fixed 
matter in the ſtone, to retake their firſt nature, elaſ- 
ticity, and volatility ; and that from hence they diſ- 
engage themſelves from the ſtone, and fly off in va- 
pours : a freſh proof, that the calcareous ſtone is in 
a very great part compoſed of fixed air and water, 
caught and transformed into a ſolid matter by the 
animal filter, 


Aſter 


2 


Er p 


— 


— 


r —— * Art 


E ͤͤ — ae 4 . rr 2 — 
£ —- — con a = 4 7 MW "_ "=. . — um ; pints . 
— — 2 r 1 r 2 » * OTST * — — ” —= 


= 


Ss © ems ms het ee 


| 
. 


} 


168 NATURAL HISTORY: 


After theſe experiments, I made others on this 
ſame ſtone heated to a leſs degree: for this purpoſe 
I took off three pieces from the external parts of the 
tunnel, in a part where the heat was nearly ninety- 
five degrees, becauſe the ſulphur applied againft the 
wall melts there, and that this degree of heat is 
nearly to that which fuſes ſulphur. I found by three 
ſimilar trials, that this ſtone, thus heated for five 
months, had increaſed in ſpecific weight a 69th, i. e 
almoſt a quarter more than that which had endured 
the next degree of heat to calcination ; and J con- 
clude from this, that the effect of the calcination is 


preparing in the ſtone which has undergone: the 


reatèſt fire; whereas, that which had only prov ed 

a leſs heat, hat retained all the fixed parts it had 
4 de there. 

To ſatisfy myſelf fully on this ſubject, and diſco- 
ver whether all calcarcous ſtones increaſed in ſpecific 
weight by a heat conſtantly and a long time applied, 
I made fix new trials on two other kinds of ſtone; 
that with which the inſide of my furnace was con- 
ſtructed, and which ſerved for the preceding experi- 
ments, called in the country Fre: ſtone, becauſe it 
reſiſts the action of the fire more than all other calca- 
reous ſtones: its ſubſtance is compoſed of ſmall cal- 
careous gravel, bound together by a ſtrong cement 
which is not very hard, and which leaves ſome void 
interſtices ; its weight is, notwithſtanding, a 20th 
greater than other calcareous ſtones. Having tried 
ſeveral pieces in the fire of my ſtoves, double the 
time was required to calcine them, than to reduce 
other ſtones into lime. Ic may, therefore, be affert- 
ed, that the experiments were made on calcareous 
ſtone which had the greateſt reſiſtance to fire, The 
ſtones to which I compargd it, were alſo very good 
calcareous ſtones, ſome Anon, of as ſine grains as 
marble ; the other coarſer, but, both compact and 


full ; 


NATURAL HISTORY. 169 


full: both form excellent grey lime, ſtronger and 
more binding than common lime which is white, 

By weighing three heated pieces, and three not 
heated, of the ſtone whoſe grain was fineſt in water 
and air, I found it had gained a 56th in ſpecific 
weight, by five months application of a heat of nine- 
ty degrees; and by comparing them with other 
pieces of ſtone expoſed to the open air, I found that 
one had increaſed a both, the ſecond a 62d, and the 
third a 65th : thus, this very fine-grained ſtone had 
augmented in ſpecific weight nearly one third more 
than the ſtone heated to the next degree to calcina- 
tion, and alſo to about one ſeventh more than the 
ſtone heated to ninety-five degrees, 

The ſecond ſtone, whoſe grain was not ſo fine, 
formed an entire courſe of the external vault of the 
furnace ; and I chofe the pieces from a part where 
they had undergone the ſame degree of 95 for 
five months: I found that one of the three pieces 
had increaſed a 54th, the ſecond a 63d, and .the 
third a 66th, which gives but the medium 3 
tion, a 61 increaſe in ſpecific weight. 

The reſult of theſe experiments are, firſt, That all 
calcareous ſtone heated for along time, acquires maſs, 
and becomes heavier : this augmentation can only 
proceed from the particles of heat which penetrate 
and unite with it by their long ſtay, and which from 
thence becomes a conſtituent part under a fixed form. 
Secondly, That this augmentation of ſpecific weight 
being a Goth, or 56th, or 56th, only varies by the 
nature of the different ſtones : that thoſe whoſe grain 
are the fineſt; are thoſe whoſe maſs is increaſed the 
moſt by heat, and in which the pores being ſmaller, 
fixes more readily, and in a greater quantity. 
Thirdly, That the quantity of heat which fixes in 
the ſtone is yet much greater than the augmentation 
of the maſs denotes : Br the heat before it is fixed 
in the 4 * drove out all the moiſt parts it., con- 


. tained. 
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tained. It is well known, that by diſtilling calca- 
reous ſtore, pure water is drawn from it to the amount 
of a 16th of its weight; but as a heat of ninety-five 
degrees, although applied for five months, might, ne- 
vertheleſs, produce in this reſpect leſs effects than 
a violent fire applied to the veſſel in which ſtone is 
diftilled, reducing this quantity of water to 4 or even 


4 by the heat of 95 degrees, we cannot diſallow, 


but that the quantity of heat fixed in this ſtone, is not 
at firſt indicated by the augmentation of the ſpecific 
weight, and to a 54th for the quarter of the quantity 
of water it contained, and which this heat tends out; 
ſo that it may be aſſerted, that the heat which pene- 
trates ſtone, fixes therein in a ſufficient quantity to 
increaſe the maſs at leaſt a 14th, even in the ſuppo- 


fition, that it did not drive off all this time only 4 of 
the water contained in the ſtone. | 


FIFTH EXPERIMENT. 


ALL calcareous ſtones, whoſe fpecific weight in- 
creaſes by the .long application of fire, acquires by 
this kind of drying more hardneſs. than they before 
had. Being deſirous of diſcovering whether this hard- 
neſs would be durable, and if they would not with 
time loſe not only this quality, but the increaſe of den- 
fity they had acquired by heat, I cauſed to be ex- 
_ Poſed to the air many parts of the three kinds of 

ſtones which had been uſed for the preceding experi- 
ments, and which had been all more or leſs heated 
for five months. At the end of fifteen days, during 
which time it rained, I had them ſtruck with a ham- 
mer, and the workman, as well as me, perceived that 
the fire-ſtone, which was the moſt porous, and whoſe 
grain was the coarſeſt, was not ſo hard, and ſuffered 
itſelf to be eaſier worked. But the two other kinds, 
and eſpecially that whoſe grain was fineſt, had re- 
tained the ſame hardneſs ; nevertheleſs, they loſt it 
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in fix weeks. Having tried them hydroſtatical- 
ly, I obſerved, that they had alſo loſt a pretty 
great quantity of the fixed matter which the heat 
had depoſited there': nevertheleſs, at the end of 
ſeveral months they were alway 81 pecifically heavier 
by a 150th or a 160th part, than thoſe which had 
not been heated. The difference, then, growing too 
difficult to be obſerved, I was obliged to ſtop here; 
but, I am perſuaded, that by much time theſe ſtones 
would have loſt all their acquired weight: it is the 
ſame with the hardnels, after being expoſed ſome 
months to the air, they were worked as eafil 
other ſtones of the ſame kind which had not been 
heated. 

This experiment evinces, 5 the particles of 
heat which fix in ſtone, are only united there by 
force : that it retains them a long time after it 15 
entirely cold, if preſerved from all moiſture : it loſes' 
them nevertheleis, by degrees by the impreſſions- of 
the air and rain, without doubt becauſe air and wa- 
ter have more aft anity with ſtone than the parts of heat 
lodged there: this fixed heat is no longer active; it 
may be ſaid to be dead and entirely pallive ; hence, 
tar from driving oft the humidity that deftroys the 
heat in its turn, and takes poſſeſſion of the places it 
has ceded to it: but in other matters, which have 
not fo much aſſinity with water as calcareous ftone, 
this heat, once fixed, does it not remain there con- 
ntly and reciprocally ? 2 This is what I have en- 


deavoured to be aſcertained of by the following ex- 
periment. 


SIXTH EXPERIMENT. 


I took ſeveral pieces of caſt iron, which J had 
broken in the middle, which had ſerved ſeveral times 
to ſupport the chimney work of my -furnace. The 
pieces of this caſt iron, when broke, did not ſeparate 


from 
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from the reſt of the matter but by reiterated ſtrokes; 
whereas, the iron of this ſame caſt, but which had 
not undergone the action of the fire, were very brit- 
_ tle, and broke in pieces: I then perceived, that this 
heated caſt had acquired much more hardneſs and 
tenacity than before, much more even in proportion 
than the calcareous ſtones had acquired. By this 
| firſt maſs, I judged that I ſhould find a till greater 
difference in the ſpecific weight of this caſt : and, 
in fa&, the firſt piece I tried in the hydroſtatical ba- 
lance, "weighed Alb. 4 ounces 3 drams in the air: 
the ſame piece weighed 3Ib. 11 ounces 24 drams in 
water, i. e. the difference is 724 drams. The wa- 
ter I uſed weighed exactly 7olb. to the cubical foot, 
and the water diſplaced by the caſt iron, 724 drams : 
therefore, 723 drams of water, diſplaced by the caſt 
iron, are to 701b. cubical foot of water, as 547 
drams of the piece of caſt iron, are to 5281b, 
2 ounces 1 dram 47 grains weight of the cube foot 
of this caſt iron : this weight alſo greatly excceds 
that of this ſame iron when it has not been heated: 
It is a white caſt iron which is brittle, and whoſe 
weight is only 495 or 50olb, Thus, the ſpecific 
gravity is found augmented from 28 to 500, by this 
very long application of heat, which makes about 
an 18th of the maſs, I am certain of this great dif- 
ference by five ſucceſſive trials, for which I always 
took care to pick out pieces which weighed 41b. 
each at leaſt, and compared them one by one with 
pieces of the ſame figure, and nearly of the ſame vo- 
lame ; for although the difference of ſize ſhould 
appear here to have no influence on the reſult of 
the hydroſtatic balance, nevertheleſs, thoſe who are 
uſed to heat it, will perceive, as well as me, that 
the reſults are always juſter when the fizes of the 
matters compared are not much greater than each 
other. Water, however fluid it appears, neverthe- 
leſs, has a certain ſmall degree of tenacity which bas 
more 
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more or leſs influence on the greater or leſs fizes : 
beſides, there are very few matters which are per- 
fectly homogenous, or alike in weight, in all the 
external parts of the matter ſubmitted to the trial; 
therefore, to obtain a reſult on which we may pre- 
ciſely rely, we muſt always compare pieces of near- 
ly the ſame volume and figure: for if on the one 
hand, a globe of iron of 21b. is weighed ; and, on 
the other, an iron plate of the ſame weight, we 
ſhall find their ſpecific weight to be different in the 
>": pe balance, although it was really the 

ame. 

I think, that whoſoever will reflect on the pre- 
ceding experiments and reſults, will not diſallow 
that the heat applied a very long time to the differ- 
ent bodies it penetrates, does not depoſit in their in- 
fide a very great quantity of particles which become 
conſtituent parts of their maſs, and which unite and 
adhere thereto ſo much the more as matters are found 
to have more affinity and other connections of na- 
ture with them. Finding myſelf alſo furniſhed with 
theſe experiments, I did not fear adyancing in my 
Treatiſe of the Elements, that the molecules of heat 
fixed themſelves in all bodies, as thoſe of light and 
air do, when it is accompanied with heat or fire. 
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8 I X T M MO FX 
EXPERIMENTS 0n Light, and on tlie Heat it can produce. 
| ARTICLE I. 


Invention of Mirrors to burn at great Diſtances. 


HE ſtory of the burning-glaſſes of Archimedes is 
famous : he invented thein for the defence of 
his country ; and, according to the ancients, he re- 
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flected the fire of the ſun on the enemy's leet, which 
reduced it into aſhes as ſoon as it approached the 
ramparts of Syracuſus : but this ſtory, of which no 
doubt has been made for fifteen or ſixteen centuries, 
has been contradicted and treated as fabulous in theſe 
latter ages. Deſcartes, born to judge and ſurpaſs 
Archimedes, has in a maſterly manner ſpoken againſt 
him: he has denied the poſfitility of the invention, 
and his opinion has prevatlcd over the teſtimonies 
and credit of the ancients, Modern phyſicians, ei- 
ther through a reſpect for their philoſopher, or 
through complaiſance for their cor-1 82 oraries, have 
given it to the fame opinion. Noting is allow cd to 
the ancients but what cannot be 10 0 eter- 
mined, perhaps, by theſe motilcs, of which fſelf- 
love too often is the abettor without our knowledge 
of it, have we not naturally too much inclination to 
refuſe what is due to our predeceſſors; and if, in our 
time, more is refuſed than any other, is it not chat by 
being more enlightened, we think we have more 
right to fame, and more pretenſions to ſuperiority 2 
Be it as it may, this invention was the cauſe of 
many other dilcoverics .of antiquity at preſent va- 
niſhed, becauſe the facility of denying them has 
been preferred to the trouble of finding them out; 
and the burning-glaſſes of Archimedes were fo de— 
cried, that it does not appear poſſible to re-eſta— 
bliſh the reputation : for, to call the judgment of 
Deſcartes in queſtion, ſomething more is required 
than evaſions, and there only remains one ſure de- 
ciſive mode, but, at the ſame time, difficult and 
bold, which was to undertake to difcover glaſſes 
which might produce the like effects. I had for a 
long time conceived an idea of it, and I will volun- 
tarily acknowledge the greateſt difficulty to find it 
poſbble, fince I have ſacceeded in the execution be- 
yond even my expectations, 
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I have, therefore, fog nfter the mode of ma- 
king mirrors to burn dag treat diftance, as from 100 
to 300 feet. I knriy, in general, that relleRing 
mirrors, never have b burnt farther than 15 or 20 feet, 
and with refringent, the diſtance was ftill ſhorter; 
and, I perceive, it was imp ffible by practice to form 
a metal or glaſs mirror with ſuch exactneſs as to burn 
at theſe great diſtances. To burn, for example, the 
ſphere muſt be 800 feet diameter} therefore, we 
could hope tor nothing of that kind in the common 
mode of working glaſſes, and I ſoon perſuaded my- 
ſelf, that if we could find a new method to give to 
great pieces of glaſs, or metal, a curve ſufficiently 
llight, there would ſtill reſult but a very inconſider- 
able advantage, as I ſhall hereafter mention. 

But, to procced regularly, I ſhall firſt fee how 
much light the fun loſes by reflection at different 
dillances, and what are the matters which reflect it 
the ſtrongeſt : I firſt found, that glaſſes when they 
are polithed with care, reflect the light more 
powerfully than the beſt poliſhed metals, and even 
better than the compounded metal with which tele- 
ſcope mirrors are made ; and that although there are 
two reflections in the glaſſes, they yet give a brighter 
and clearer light than metal, which produces a co- 
loured light. 

Secondly, By receiving the light of the ſun in a 
dark place, and by comparing it with this light of 
the ſun reflected by a glaſs, I found, that at ſmall 
diſtances, as four or five feer, it only loft about half 
by reflection, which I judged by letting a ſecond 
reflected light fall on, the firſt; for the briſkneſs of 
theſe two reflected lights appeared to me to be equal 
to that of direct light. | 

Thirdly, Having received at the diſtances of too, 
200, and 300 feet, this light reflected by great 
olatics, I perceived, that it loſt nothing of its 


ſtrengtk 


116 NATURAL HISTORY. 


ſtrength by the thickneſs of the air it had to paſs 
through. | 

I afterwards tried the ſame experiments on the 
light of candles, and to aſſure myſelf more exactly 
of the quantity of weakneſs that reflection cauſes to 
this light, I made the following experiments: 

I ſeated myſelf oppoſite a glaſs mirror with a book 
in my hand, in a room where the darkneſs of the 
night could not permit me to diſtinguiſh a fingle ob- 
ject. In an adjoining room, I lit a candle at about 
40 feet diſtance, and I approached it nearer and 
nearer, till I could read the book: the diſtance was 
then 24 feet. Afterwards, having turned the book, 
I endeavoured to read by this reflected light, and by 
a parchment intercepted the part of the light which 
did not fall on the mirror, in order to have only the 
reflected light on my book, I was obliged to ap- 
proach the candle nearer, which I did by degrees, 
till T could read the ſame characters clearly by the 
ſame light, and then the diſtance from the candle, 
comprehending that of the book to the mirror, which 
was only half a foot, I found to be in all 15 feet. I 
repeated this ſeveral times, and had always nearly 
the ſame reſults; from whence I concluded, that 
the ſtrength or quantity of direct light is to that of 
reflected light, as 576 to 525; therefore, the light 
of five candles received by a flat glaſs, is nearly equal 
to that of the direct light of two. 

The light of a candle, therefore, loſes, more by 
reflection than the light of the ſun ; and this differ- 
ence proceeds from the rays of the ſun which come 
from the candle as from a center, falls more oblique- 
ly on the mirror, than the rays of the ſun which 
come almoſt parallel. This experiment, there- 
fore, confirms what I had at firſt found, and I hold 
it certain, that the light of the ſun loſes only half 
by its reflection on a glaſs mirror. 


This 
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This firſt Knowledge, of which J had need, being 
acquired, I afterwards ſought what became of the 
images of the ſun when received at great diſtances. 
To underſtand well what I am going to ſay, we 
muſt not, as is generally done, confider the rays of 
the ſun as parallel; and it muſt be remembered, 
that the body of the ſun occupies an extent of about 
thirty-two minutes : that; - conſequently, the rays 
which iſſue from the upper edge of the diſk, falling 
on a point of a reflecting ſurface; the rays which 
iſſue from the lower edge, falling alſo on the ſame 
point of this ſurface, they form between them an 
angle of thirty-two minutes in the incidence, and af- 
terwards in the reflection; and that, conſequently, 
the image muſt increaſe in ſize, in proportion as it is 
farther diſtant, Atrention muſt likewiſe be paid to 
the figure of theſe images: for example, a plain 
ſquare glaſs of half a foot, expoſed to the rays of the 
ſun, will form a ſquare image of fix inches, when 
this image 15 received at the diſtance of a few feet : 
by removing farther and farther off, the image is 
ſeen to increaſe, afterwards to become deformed, 
then round; in which ſtate it remains ſtill increaſin 
in ſize, in proportion as we are more diſtant from the 
mirror. his image is compoſed of as many of the 
ſun's diſks as there are phyſical points in the reflect- 
ing ſurface : the middle point forms an image of 
the diſk, the adjoining points form the like, and of 
the ſame ſize which exceed a little the middle diſk : 
it is the ſame with the other points, and the image 
is compoſed of an infinity of diſks, which ſurmount- 
ing regularly, and anticipating circularly one over 
the other, form the reflected image, of which the 
middle point of the glaſs is the center. 

It the image compoſed of all theſe diſks is received 
at a ſmall diſtance, then their extent being ſomewhat 
larger than that of the glaſs: this image is of the 
ſame ſigure, and nearly of the ſame extent as the 

Vol. V. 2 glaſs : 
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glaſs: but when the image is received at a great 
diſtance from the glaſs, where the extent of the 
diſks is much greater than that of the glaſs, the 
image no longer retains the ſame figure as the glaſs, 
but becomes neceſſarily circular. Jo find the point 
of diſtance where the image loſes its ſquare figure, 
we have only to ſeek for the diſtance where the glaſs 
appears under an angle, equal to that the ſun forms 
to our fight, i. e. an angle of 32 minutes, and this 
diſtance will be that where the image will loſe its 
ſquare figure and become round: for the diſks, 
having always an equal line to the ſemi-circle, which 
meaſures an angle of 32 minutes for a diameter, we 
ſhall find by this rule, that a ſquare glaſs of fix 
inches, loſes its ſquare figure at the diſtance of 
about 60 feet; and that a glaſs of a foot ſquare, 
loſes only 120 feet, and fo on of the reſt. 

By reflecting a little on this theory, we ſhall no 
longer be aſtoniſhed to find, that at very great 
diſtances, a large and ſmall glaſs affords nearly an 
image of the ſame ſize, and which only differs by the 
intenſity of the light, we-hall no longer be ſurprized 
that a round, ſquare, long, or triangular glaſs, or 
any other figure always yields round images ;* and 
we ſhall ſee evidently, that images do not increaſe 
and leſſen by the diſperſion of light, or by the loſs in 
paſſing through the air, as ſome phyficians have 
imagined ; but that, on the contrary, it is only oc- 
caſioned by the augmentation of the diſks which al- 
ways occupy a ſpace of 32 minutes to whatever 
diſtance they are removed. 

So likewiſe we ſhall be convinced, by the expo- 
ſition of this theory, that curves, of whatſoever kind 
they be, cannot be uſed with advantage to burn at a 


great 


* This is the reaſon that the ſmall images which paſs be- 
twixt the leaves of high and full trees, and which falling on 
the walk, are all oval or round, COTE 
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great diſtance, becauſe the diameter of the focus can 
never be ſmaller than the chord which meaſures - an 
angle of 32 minutes; and that, conſequently, the 
moſt perfect concave mirror, whoſe diameter is 
equal to this chord, will never produce double the 
effect of this plain mirror of the ſame ſurface ; and 
if the diameter of this curved mirror was leſs than 
this cord, it would ſcarcely have more effect than a 
plain mirror of the ſame ſurface. | | 
When I had well comprehended the above, I ſoon 
perſuaded myſelf no longer to doubt, that Archi- 
medes could not burn at a diſtance but with plain 
mirrors: for, independently of the impoſſibility they 
were then in, and wherein we are at preſent, of 
making concave mirrors with ſo large a focus, I per- 
ceived, that the reflection I have juſt made, could 
not have eſcaped this great mathematician. Beſides, 
I thought, that, according to every appearance, the 
ancients did not know how to make large maſſes of 
glaſs ; that they were ignorant of the art of burning 
it to make large glaſſes ; that they had only the me- 
thod of blowing it, and making bottles and vaſes ; 
and I readily perſuaded myſelt, that it was with 
plain mirrors of poliſhed metal, and by the reflec- 
tions of the ſun, that Archimedes had burnt at a 
diſtance, But as I perceived, that glaſs mirrors re. 
ſlected the light more powerfully than the moſt po- 
liſhed mirrors, I thought to conſtruct a machine to 
coincide in the ſame point the reflected images by a 
great number of theſe plain glaſſes; being well con- 
vinced, that this was the fole mode of ſucceeding. 
Nevertheleſs, I had ſtill ſome doubts remaining, 
which appeared to me well founded. Let us ſup- 


poſe, that the burning diſtance was 240 feet, I per- 


ceive clearly that the tocus of my mirror cannot have 
a leſs than two feet diameter. Then, what will be 
the extent I ſhall be obliged to give to my aſſem- 
blage of plain mirrors, to produce a fire in ſo great a 

focus ? 
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focus? It might be. ſo great, that the thing had 
been impracticable in the execution ; for, by com- 
paring the diameter of the focus to the diameter of 
the mirror, in the beſt reflecting mirrors, I obſerved, 

that the diameter of the Academy's mirror, which is 
three feet, was 108 times bigger than its focus, 
which was no more than four lines, and I concluded, 

that to burn as ſtrong at 240 feet, it was neceſſary 
that my aſſemblage of mirrors had 216 feet diameter, 
fince the focus ſhould be two feet: now, a mirror of 
216 feet diameter was certainly an impoſſible thing. 

In fact, this mirror of three feet diameter burnt 
ſtrong enough to melt gold, and I was defirous to 
fee how much I had gained by reducing its action to 
the burning of wood only: for this purpoſe I uſed 
circular zones of paper on the mirrors to diminiſh the 
diameter, and I found, that there was no longer 
power enough to inflame dry wood when its diame- 
ter was reduced to little more than four inches; 
therctore, taking five inches, or fixty lines, for the 
diameter neceflary to burn with a focus of four lines, 
I cannot; help concluding, that to burn equally at 
240 feet, where the focus ſhould neceflarily have 
two feet diameter, I ſhould require a mirror of thirty 
feet diameter, which appeared ſtill as impoſſible, or 
at leaſt im practicable. 

To ſuch poſitive reaſons, and which others would 
have regarded as demonſtrations of the impoſſibility 
of the mirror, I had only a ſuppoſition to oppoſe, 
an old ſuppoſition, on which the more I had re- 
flected, the more I was perſuaded, that it was not 

witbour foundation; ; which is, that the effects of 
heat might poſſibly not be proportional to the quan- 
tity of light; or, what amounts to the ſame, that at 
the equal intenſity of light, large focus's muſt burn 
britker than the ſmall. 

By eſtimating heat mathematically, it is not to be 
doubted, but that the power of focus's of the ſame 
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jength is proportional to the ſurface of the mirrors, 
A mirror, whoſe ſurface is double that of another, 
muſt have the ſame ſized focus, and this focus muſt 
contain double the quantity of light which the firſt 
contained; and in the ſuppoſition, that effects are 
always proportional to their.cauſes, it had always 
been. thought. that the heat of this ſecond focus 
ſhould be double that of the firſt, 

So likewiſe, and by the ſame mathematical efti- 
mation, it has always been thought, that at an equal 
intenſity of light, a ſmall focus ought to burn as 
much as a large one, and that the effect of the heat 
ought to be proportional to. this intenfity of light : 
inſemuch, (fays Deſcartes) that glaſſes, or extremely 
ſmall mirrors, may be made, which will burn with as 
much violence as the large. Lat firſt thought, as I ob- 
ſerve, that this concluſion, drawn from mathemati- 


cal theory, might be found falſe in the practice, 


becauſe heat being a phyſical quality, of the action 
and propagation of which we know not the Jaws : it 
ſcemed to me, that there was ſome kind of temerity 
to eſtimate thus effects by a fimple ſpeculation, 

I had, therefore, once more reſource to experi- 
ments. I took metal mirrors of different focus's and 
different degrees of poliſh, and by comparing the 
different actions on the ſame fuſible or combuſtible 
matters, I found, that at an equal intenſity of light, 
large focus's copſtantly have more effect than ſmall, 
and often-produce only a moderate heat: I diſco- 
vered the fame with refracting mirrors. 

The reaſon of this difference is eaſy to be given, 
if we conſider, that heat communicates nearer and 
nearer, and diſperſes, if I may ſay ſo, when it is 
even applied on the ſame point : for example, if we 
let the focus of a burning-glaſs fall on the center of 
a crown piece, and that this focus was only a 22d of 
an inch diameter, the heat produced on the center 
of the crown diſperſes and extends over and through- 
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out the whole piece: thus all the heat, although 
uſed at firſt to the center of the crown, does not ſtop 
there, nor can produce ſo great an effect, as if it re- 
mained there wholly. Bur if, inſtead of a focus of 
a 12th of an inch, we let fall a focus of equal inten- 
fity on the whole crown, every part being alike 
Heated, in this latter caſe, there is not only the loſs 
of heat, but even its grain and augmentation ; for 
the middle profiting of the heat with the other points 
which ſurround it, the crown will be melted 1n this 
Jatter caſe, whereas, in the firſt, it will be only 
ſhghtly heated, _ 

After theſe experiments and reflections, I felt the 
hope of my ſucceſs to l mirrors to burn at a great 
diſtance prodigiouſly to increaſe; for I began no 
longer to dread, as before, the great extent of the 
focus; I was perſuaded, on the contrary, that a fo- 
cus of a confiderable breadth, as thoſe of two feet, 

and in which the intenſity of the light would not be 
near as great as in a ſmall focus of four lines, or 
4-12ths of an inch, might, nevertheleſs, produce 
inflammation, and with more power ; and that, con- 
ſequently, this mirror, which, by mathematical 
theory, ought to have at leaſt thirty feet diameter, 
would be reduced to a mirror of eight or ten feet 
at moſt, which is not only a poſſible but even a very 
practicable thing. 

I then thought ſeriouſly to execute my project : I 
had at firſt a deſign of burning at 2 or 3oo feet diſ- 
tance with circular or hexagon glaſſes, of a ſquare 
foot in ſurface, and I was defirous of having four 
iron carriages for them, with ſcrews to each 
to move them, and a ſpring to adjuſt them; 
but the too confiderable expence this adjuſtment ex- 
acted, made me quit this idea, and I took two com- 
mon glaſſes of fix inches by eight, and a wooden ad- 
juſtment, which, in fact, is leſs ſolid and preciſe, 
byt the expence is more agreeable, M. „ 

whole 
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whoſe abilities in mechaniſm is known to the Aca- 
demy, took upon himſelf this performance. | 

Ir is ſufficient to ſay, that it was at firſt compoſed 
of 168 glaſſes of fix inches by eight each, about 
4-12ths of an inch diſtant from each other; theſe 
glaſſes moved in all directions, and the four lines of 
ſpace between them not only ſerved for the freedom 
of this motion, but alſo to let the operator ſee the 
place where he was to conduct his images. By 
means of this conſtruction, 168 images could be 
thrown on one point, and, conſequently, burn at 
ſeveral diſtances, as at 20, 30, and to 150 feet, by 
increaſing the ſize of the mirror, or by making other 
mirrors like to the firſt, we are certain of throwin 
fire to ſtill greater diftances, or to increaſe as nal 
as we plcate the force or activity of thoſe firſt dif- 
tances. | 

It is only to be obſerved, that the motion here 
ſpoken of, is not very eaſy to be executed, and that 
alſo there is a very great choice to be made in the 
glaſſes; for they are not all equally good, though 
they appear fo at the firſt inſpection. I have been 
obliged to pick out of the goo to have the 168 
I made uſe of. The method of trying them is to re- 
ceive at 150 feet diſtance the reflected image of the 
ſan, as a vertical plane; we muſt ſele& thoſe which 
give a round and terminated image, and put aſide the 
reſt, which are very numerous, and whoſe thick- 
neſſes being unequal in different parts, or the ſur- 
face a little concave or convex, have images badly 
terminated, double, treble, oblong, &c. according 
to the different defects found in the glaſſes, 

By the firſt experiment I made the 23d of March, 
1747, at noon, I ſet fire to a plank of fir at ſixty- 
ſix feet diſtance, with forty glaſſes only, i, e. with 
about a quarter of the mirror : but it muſt be ob- 
ſerved, that not being yet mounted, it was very dif- 
adyantageouſly placed, forming an angle with the 
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ſun of twenty degrees declination, and another of 
* than ten degrees inclination. 

The ſame day I ſet fire to a pitchy and ſulphu- 
reous plank at 126 feet diſtance, with eighty- eight 
glafies, the mirror being ſtill placed diſadvantage- 
ouſly; It is well known, that to burn with more ad- 
vantage, the mirror ſhould be directly oppoſed to 
the iun, as well as the matters to be inflamed ; ſo 
that, by ſuppoſing a perpendicular plane on the plane 
of the mirror, it muſt paſs by the fun, and, at the 
lame time, through the. midſt of combuſtible mat- 

ters. 
The 3d of April, at four o'clock in the evening, 
| the mirror being mounted, produced a flight inflam- 
1 mation on a plank covered with pitch at 138 feet 
| diſtance, although the ſun was weak and the light 
pale. It is requiſite to be careful, when we approach 

the ſpot where the combuſtible matters are, and not 
look on the mirror; for if, unfortunately, the eyes 
ſhould meet the focus, inevitable blindneſs will en- 
ſuc. 

The 4th of April, at eleven in the morning 
the ſun being watery, and the ſky cloudy, yet it 
produced with 154 glaſſes ſo conſiderable an heat at 
158 feet, that in leſs than two minutes it made a deal 
plank to ſmoke, and which would certainly have 
flamed, if the ſun had not ſuddenly diſappeared. 

The enſuing day, the 5th of April, at three o'clock 
in the afternoon, we ſet fire at 150 feet diſtance, 
and in a minute and an half to a plank ſulphured , 
and mixed with coals, with 154 glaſſes : when the 
ſun is powerful, only a few {econds is required to 
produce inflammation. . 
The roth of April in the afternoon, the fun be- 
ing bright, we ſet fire to a fir plank at 150 
feet diſtance, with only 128 glaſſes: the inflamma- 
tion was very ſudden, and made in all the extent of 
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he focus which was about ſixteen inches diameter at 
his diſtance, | 25 
Ihe ſame day, at half paſt two o'clock; we threw 
the fire on another plank, partly pitched and covered 
with ſulphur in ſome places: the inflammation was 
made very ſuddenly ; it began by the parts of the 
wood which were dane, and the fire was ſo vio- 
lent, that the plank was obliged to be dipped in 
water to extinguiſh it: there were 148 glaſſes at 159 
feet diſtance, 


The 11th of April, the focus being only twenty - 


feet diſtant from the mirror, it only required twelve 
glaſſes to inflame ſmall combuſtible matters: with 
wenty-one glaſſes we ſet fire to another plank which 
had already been partly burnt; with forty-five 
glaſſes we melted a block of tin of 61b. weight; and 
with 117 glaſſes we melted thin pieces of filver, and 
reddened an iron plate. I am alſo perſuaded, that 
at fifty fect we ſhall be able to melt metals as well 
as at twenty, by uſing all the glaſſes of the mirror; 
and as the focus at this diſtance is fix or ſeven inches 
broad, we ſhall be able to make trials on all metals, 
which it was not poſſible to do with common mir- 
tors, whoſe focus is either very weak, or 100 times 
ſmaller than that of my mirror. I have remarked, 
that metals, and eſpecially filver, ſmoke much be- 
fore they melt: the ſmoke was ſo ſtriking, that it 
ſhaded the ground, and it was there I looked on it 
attentively ; for it 15 not poſſible to look a moment 
on the focus when it falls on the metal; the luſtre is 
much more dazzling than that of the ſun. | 
The experiments which I have here related, have 
been followed by a great number of experiments 


which confirm them. I have ſet fire to wood at 210 


feet diſtance with this mirror, by the fun in the ſum- 
mer; and I am certain, that with four fimilar mir- 
rors I could burn at 400 feet, and, perhaps, at a 
greater diſtance. I have likewiſe melted all metals, 
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and metallic minerals, at 125, zo, and 40 feet. We 
ſhall find, in the courſe of this article, the uſes to 
which theſe mirrors can be applicd, and the limits 
we muſt aſſign to their power tor calcination, com- 
buſtion, fuſion, &c. 

This mirror burnt according to the different in- 
clination given 1t, and what gave it this advantage 
over the common reflecting mirrors was, that its fo- 
cus was very diſtant, and had ſo little curvature, that 
it was almoſt 1mperceptible : it was ſeven feet broad 
by eight feet high, which makes about 1 5oth part of 
the circumference of the ſphere, when we burn at 
150 feet diſtance. 

The reaſon that determined me to prefer glaſſes of 
fix inches broad by eight inches high, to ſquare 
glaſſes of fix or eight inches, was, that it is much 
more commodious to make experiments upon an 
horizontal and level ground, than otherwiſe ; and 

that with this figure higher than broader, the images 
4 were rounder; whereas, that with ſquare glaſles, 
| they would be ſhortened, eſpecially at ſmall diſ- 
tances, in this horizontal ſituation, 
| This diſcovery furniſhes us. with many uſeful 
things for phyſic, and, perhaps, for the arts. We 
Know, that what renders the common reflecting mir- 
rors almoſt uſeleſs for experiments, is, that they 
burn almoſt always upwards, and that we are greatly 
embarraſſed to find means to ſuppreſs or ſupport mat- 
ders to be melted or calcined to their focus. By 
dens of my mirror, we burn concave mirrors down= 
wars, and with ſo great an advantage, that we have 
what degree of heat we pleaſe: for example, by op- 
pPoſing to my mirror, a concave one of a foot ſquare 
in the ſurface, the heat produced to this laſt mirror, 
by uſing 154 glaſſes only, will be upwards of twelve 
times greater than that generally produced, and the 
effect will be the ſame as if twelve ſuns exiſted in- 
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ſtead of one, or rather as if the ſun had twelve times 
more heat. * 
Secondly, By means of my mirror, we ſhall have 
the true ſcale of the augmentation of heat, and make 
a real thermometer, whole diviſions will be no longer 
arbitrary, from the temperature of the air to what 
degree of heat we chuſe, by letting fall, ſucceſſively, 
the images of the ſun one on the other, and by gra- 
duating the intervals, whether by means of an ex- 
panſive liquor, or a machine of dilatation; and from 
that we ſhall know, in fact, what a double, treble, 
quadruple, &c. augmentation of heat is, and ſhall 
find out matters whote expanſion, or other effects, 
will be the moſt ſuitable to meaſure the augmenta- 
tions of heat. | 
Thirdly, We ſhall exactly know how many times 
is required for the heat of the ſun to burn, melt, or 
calcine different matters, which was hitherto only 
known in a vague and very indefinite manner, and 
thall be in a ſtate to make preciſe compariſons of the 
activity of our fires with that of the ſyn, and have 
exact relations, and fixed and invariable meaſures. 
In thort, we thall be convinced when we examine my 
theory, and ſhall have ſeen the effect of my mirror, 
that the mode I have uſed, was the only one poſſible 
to ſucceed to burn far off : for, independently of the 
phyſical difficulty of making large concave, ſpherical, 
pary bolical mirrors, or of any other curvature what- 
ſoever, regular enough to burn at 150 feet diſtance, 
we ſhall eafily be convinced, that they would not 
produce but nearly as much effect as mine, becauſe 
the focus would be almoſt as broad: that befides, 
theſe curved mirrors, if even it ſhould be poſſible to 
make them, would have the very great diſadvantage 
to burn only at a nigh diſtance, whereas, mine burns 
at all diſtances; and, conſequently, we ſhall aban- 
don the ſcheme of making mirrors to burn at a great 
diſtance by means of curves, which has uſglefsly em- 
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ployed a great number of mathematicians and artiſts, 
who were always deceived ; becauſe, they confidered 
the rays of the ſun as parallel, whereas, they ſhould 
be conſidered as they are, i. e as forming angles of 
all fizes from o to 32 minutes, which makes it impoſ- 
fible, whatſoever curve is given to a mirror, to ren- 
der the diameter of the Focus ſmaller .than the cord, 
which meaſures 32 minutes : thus, if even we could 
make a concave mirror to burn at a great diſtance; 
for example, at 150 feet, by employing all its points 
on a ſphere of 600 feet diameter, and by 3 
an uncommon maſs of glaſs or metal, it is evident, 
that we ſhall have nearly no more advantage than by 
uſing, on the contrary, only ſmall plain mirrors. 
On the whole, as every thing has its limits, and 
although mine is ſuſceptible of a very great perfection, 
as well for the adjuſtment, as tor many other things ; 
and, as ] think I thall be able to make another whoſe 
effects will be ſuperior, nevertheleſs, it cannot be 
expected ever to burn at extreme diftances ; to burn, 
for example, at the diſtance of half a mile, a mirror 
would be required 2000 times larger ; and all that 
can ever be effected, is to burn at the diſtance 
of 8 or goo feet. The focus, whoſe motion is al- 
ways correſpondent to that of the ſun, moves ſo much 
the quicker, as it is farther diſtant from the mirror; 
and at go feet, it would move about fix feet a mi- 
nute. 

However, as I have given an account of my diſ- 
covery, and the ſucceſs of my experiments ; I ſhould 
render to Archimedes and the ancients the lor) that 
is their due. It is certain, that Archimedes could 
perform with metal mirrors what I have done with 

laſs, and that, conſequently, I cannot refuſe him 
the title of the firſt l inventor of theſe mirrors, which 
the opportunity he had to uſe them, rendered him, 
without doubt, more celebrated than the merit of the 


thing itſelf, 
5 Many 
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Many advantages may be derived from the uſe of 
theſe mirrors, with an. aſſemblage of ſmall mirrors, 
with hexagonal planes, and polithed ſteel, which will 
have more ſolidity than glafles, and which would not 
be ſubject to the alterations which the on” of the ſun 
may cauſe, we may produce very uſeful effects, and 
which would amply repay the expences of the con- 
ſtruction of the mirror. | 

1. For all evaporations of ſalt waters, where great 
quantities of wood and coal are conſumed, or ftruc- 
tures for the purpoſe of carrying the waters off, which 
coſt more than the conſtruction of many mirrors, 
ſuch as I mention: for the evaporation of ſalt wa- 
ters, only an aflemblage of twelve plain mirrors of a 
ſquare foot each is neceſſary. The heat reflected by 
their focus, although directed below their level, and 
at fifteen or ſixteen feet diſtance, will be ſtill great 
enough to boil water, and, conſequently, produce a 
quick evaporation; for the heat of boiling water is 
only treble the heat of the ſun in ſummer; and as the 
reflection of a well polithed plain ſurface only dimi- 
nithes the heat one half, fix mirrors are only required 
to produce to the focus a heat equal to boiling water 
but I ſhall double the number to make the heat com- 
municate quicker ; and likewife, by reaſon of the 
loſs occaſioned by the obliquity, under which the 
light falls on the ſurface of the water to be evaporated, 
and becauſe ſalt water heats ſlower than freſh. This 
mirror, whoſe aſſemblage would form only a ſquare 
four feet broad by three feet high, would be caſy to 
be managed; and if we defired to double or treble 
the effects in the ſame time, it would be better worth 
while to make many fimilar mirrors, 1. e. to double 
or treble the number of theſe mirrors of four feet by 
three, than toaugmentthe extent of them; for water can 
only receive a certain quantity of heat, and we ſhould 
not gain any thing by increaſing this degree; whereas, 
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by making two focus's by two equal mirrors, we ſhall 
ny the effect of the evaporation, and we ſhall tre- 
ble it by three mirrors, whole focus's will fall ſepa- 
rately one from the other on the ſurface of the water 
to be evaporated. On the whole, we cannot avoid 
the loſs cauſed by the obliquity ; and if we would re- 
medy it, it can only be done by another ſtill greater, 
by receiving the rays of the ſun on a great glats which 
would reflect them broken on the mirror ; tor then it 
would burn at bottom inftead of the top, but it would 
loſe half the heat by the firſt reflection, and half of 
the remainder by the ſecond ; inſomuch, that inſtead 
of ſix {mall mirrors, it would require a dozen to obtain 
a heat equal to boiling water. 

For the evaporation to be made with more ſucceſs, 
we ought-to diminiſh the thicknels of the water as 
much as poſſible: a mats of water a foot deep will not 
evaporate ſo quick by a great deal, as the tame maſs 
reduced to fix inches, and increaſed to double the ſu- 
perficies. Befides, the bottom being nearer the ſur- 
face, it heats quicker, and this heat, which the bot- 
tom of the veſſel receives, contributes ſtill more to the 
celerity of the evaporation. 

2. "Theſe mirrors may be uſed with advantage to 
calcine plaiſters, and even calcareous Nones; but 
they would require to be larger, and the matters 
placed in an elevated fituation, that nothing may be 
loft by the obliquity of the light. It has before been 
obſerved, that gypſums heats as ſoon again as ſoft 
calcareous ſtone, and nearly twice as quick as mar- 
ble, or hard calcareous ſtone ; their calcination, there- 
fore, muſt be in a reſpective ratio. I have found by 
an experiment repeated three times, that a little more 
heat is required to calcine white gypſum, called ala- 
baſter, than to melt lead. Now, the heat neceſſary 
to melt lead, is, according to Newton, etght times 
ſtronger than the heat of the ſummer ſun : it, there- 
fare, would require fixteen ſmall mirrors to calcine 
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gypſum ; and becauſe of the loſſes thereby occaſioned, 
as well as by the obliquity of the light as the ine- 
quality of the focus, that is not removed above fifteen 


feet, I preſume, it would require twenty, and per- 


haps twenty-four mirrors of a foot ſquare each, to 
calcine gypſum in a ſhort time; conſequently, it 
would require an aſſemblage of forty-eight ſmall mir- 
rors to calcine the ſofteſt calcareous ſtone, and ſeventy- 
two of a foot ſquare to calcine hard calcareous ftones. 


Now, a mirror twelve feet broad by ſix feet high, 


would be a large and cumberſome machine : never- 
theleſs, we ſhould conquertheſe difficulties, if the pro- 
duct of the calcination was conſiderable enough to be 
equivalent, and to ſurpaſs the expence of the con- 


ſumption of wood. To aſcertain this, we ought 


to begin with calcining of plaiſter with a mirror of 
twenty-four pieces, and if that ſucceeded, to make 
two other like mirrors, inſtead of making a large one 
of ſeventy-two pieces; for by coinciding the focus's 
of theſe three mirrors of twenty-four pieces, we ſhall 
produce an equal heat, ftrong enough to calcine mar- 
ble or hard ſtone. 

But a very eſſential matter remains doubtful, that 
is, to know how long time would be requiſite to cal- 
cine a cubical foot of matter, eſpecially if that foot 
was ſtruck with the heat only in one part? Some 
time would paſs before the heat penetrated its thick- 
neſs; that, during this time, a very great part would 
be loſt, and which would iflue from this piece of mat- 
ter after it had entered therein. I greatly doubt, 
therefore, that the ſtone not being touched by the 
heat on every fide at once, the calcination would be 
flower, and the produce leſs. Experience alone can 
decide this; but it would be at leaſt neceflary to at- 
tempt iton gypſous matters, whoſe calcination Is 
as quick again as calcareous ſtone. | 

By concentrating this heat of the ſun in a kiln, 
which has no other opening than that which admits 
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the light, a great part of the heat would be prevented 


from flying off; and by mixing with calcareous ſtone 


a {mall quantity of brark, or coal-duſt, which is 
the cheapeſt of all combuſtible matters: this ſlight 


- quantity of food would ſuffice to feed and augment 


the quantity of heat, which would produce a more 
ample and quick calcination, and at very little ex- 
Pence, | | ; | | 

3. Theſe mitrors of Archimedes may be, in fact, 
uſed to ſet fire to the ſails of veſſels, and even in the 
pitched wood at more than 1 fh feet diſtant : it might 
alſo be uſed againſt the enemy, by burning the grain 
and other productions of the earth: this effect, which 
would be ſudden, would be very deſtructive; but we 
ſhall not dwell on the means of doing miſchief, 


think on thoſe which may do ſomg real ſervice to 


human nature: | | 
4: Theſe mirrors furniſh the ſole means of exactly 
meaſuring heat. It is evident, that two mirrors, 
whoſe luminous images unite, produce double heat 
1n all the points of its — 5 : that three, four, five, 
or more mirrors will alſo give a treble quadruple, 
quintuple, &c. heat; and that, conſequently, by 
this mode we can make a thermometer whoſe divifi- 
ons will not be too arbitrary, and the ſcales different, 
like thoſe of the preſent thermometers. The only. 
arbitrary thing which enters into the compoſition of 
this thermometer, would be the ſuppoſition of the 
total number of the parts of the quickfilver by quit- 
ting the degree of abſolute cold; but by taking it to 
10000 below the congelation of water, inſtead of 
1000, as in our common thermometers, we ſhould 
approach greatly towards reality, eſpecially by 
chufing the coldeſt days in winter to mark the 
thermometers : every image of the ſun would give 
it a degree of heat above the temperature of ice. 
The point to which the mercury riſes by the 
firſt image of the ſun, would be marked 1, 1 
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fo on to the higheſt, which might be extended to 
36 degrees. At this degree we thould have an aug- 
mentation of heat, thirty-fix times greater than that 
of the firſt, eighteen times greater than the ſecond, + 
twelve times greater than the third, nine times greater 
thanthe fourth, and ſo on; this augmentation of thirty- 
ſix of heat above that of ice would be great enough to 
melt lead; and there is every appearance to think 
that mercury, which volatilizes by a much leſs heat, 
would by its vapour break the thermometer. We 
cannot, therefore, extend the diviſion farther than 
twelve, and perhaps not farther than nine degrees, if 
mercury is uſed for theſe thermometers, and by this 
means we ſhall have only nine degrees of the aug- 
mentation of heat. This is one of the reaſons which 
induced Newton to make ule of linſeed oil inſtead of 
quickſilver ; and, in fact, we can, by making uſe of 
this liquor, extend the diviſion not only to twelve de- 
grees, but as far as to make this oil to boil. I do not 
propoſe to fill the thermometers with cloſed ſpirits of 
wine : it is univerſally known, that this liquor de- 
compoſes in a very ſhort time, and that it cannot be 
uſed for experiments of a ſtrong heat. | 

When on the ſcale of theſe thermometers filled 
will oil or mercury, the firſt diviſions 1, 2, 3, 4, &c. 
are marked to indicate the double, treble, quadruple; 
&c. augmentations of heat, we muſt {earch after the 
aliquot parts of each diviſion; for example of the 
points 14, 24, 34, &c. or 14, 24, 34, &c, and 13, 
24, 34, and which will be obtained in an eaſy man- 
ner, by covering the 4, +4, or 2-4ths of the ſuperfi- 
cies of one of thoſe ſmall mirrors; for then the image 
which it reflects, will contain only the , 4, or 4 of 
the heat which the whole image will contain, and, 
conſequently, the divifion of the aliquot parts will be 
as exact as thoſe of the whole numbers. 

If once we ſucceed in this real thermometer, which 


[ call real, becauſe it really marks the proportion of 
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the heat, every other thermometer whoſe ſcale is ar- 
bitrary and different, will become not only ſuper- 
fluous; but even hurtful in many caſes, to the preci- 
tion of phyſical truths fought after by their means. 
5. By means of three mirrors we may eaſily collect 
in their purity, the volatile parts of gold, filver, and 
other metals. and minerals; for, by expoſing to the 
large focus of theſe mirrors a great plate of metal, as 
a diſh, or filver plate, we ſhall ſee a ſmoke iflue 
therefrom in great abundance, and for a confiderable 
time, till the metal is in fuſton, and by giving only a 
ſmaller heat than what fuſion requires, we ſhall eva- 

porate the metal ſo as to diminiſh the weight conſi- 
derably. | . | 

IL am certain of this firſt circumſtance, which fur- 
niſh lights on the intimate compoſition of metals : I 
was defirous of collecting this plentiful vapour which 
the pure fire of the ſun cauſes to iſſue from the metal; 
but, I had not neceſſary inſtruments, and I can onl 
recommend to chemifts and phyficians, to follow this 
important experiment, the reſults of which would be 
as much leſs equivocal as the metallic vapour is pure; 
whereas, in all like operations made with common 
fire, the metallic vapour is neceſſarily mixed with 
other vapours proceeding from combuſtible matters 
which ſerve for food to this fire. 
Beſides, this means, is the only one we have to vola- 
tilize fixed metals, ſuch as gold and filver ; for I pre- 
ſume, that this vapour which I have feen raiſe in ſuch 
on quantities from theſe fixed metals heated in the 

rge focus of my mirror, is neither of water, nor of 
any other liquor, but of the parts even of the metal 
which the heat detaches by volatilizing them. By 
receiving theſe vapours of different metals, mix them 
together, and by this mode make more intimate 
and pure alloys, than is made by fufion and the mix- 
ture of theſe metals when melted, which never per- 
fectly unite by reaſon of the inequality of their _ 
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fical weight, and of many other circumſtances, 
which are oppoſed to the intimate and perfect equa- 
lity of the mixture, As the conſtituent parts of theſe 
metallic vapours are in a much greater ſtate of divi- 
fion than — they would join and unite cloſer 
and more readily, In ſhort, we ſhould attain the 
kuowledge of a general fact by this mode, and 
which for many reaſons I have a long time ſuſpected, 
that there is penetration in all alloys made in this 
manner, and that their fpecific weight would be al- 
ways greater than the ſum of the ſpecific weights of 
the matters of which they would be Ws 46 : for 
penetration is only a greater degree of intimity, 
every thing equal in other reſpects will be fo 
much the greater as matters will be in a more 

perfect ſtate of diviſion. | 
By reflecting on the veſſels uſed to receive and 
collect theſe metallic vapours, I was furniſhed with 
an idea, which appeared to me to be of too great 
utility not to publiſh; it is alſo eaſy enough to be 
realized by good able chemiſts. I even communi- 
cated it to ſome of them, who appeared quite ſatis- 
fied with it. This idea is to freeze mercury in this 
climate, and with a much leſs degree of cold than 
that of the experiments of Petertbourg or Siberia, 
For this purpoſe, the vapour of mercury is only 
required to be received, and which is the mercury 
itſelf yolatilized by a very moderate heat in a cruci- 
ble, or veſſel, to which we give a certain degree of 
artificial cold, This vapour, 1. e. this mercury mi- 
nutely divided will offer to the action of the cold 
ſurfaces ſo large, and mafles ſo ſmall, that inſtead 
of 187 degrees of cold requiſite to freeze mercury, 
comms only 18 or 20 will be neceſſary, and, per- 
aps, even leſs to freeze it when in vapour. I re- 
commend this important experiment to all thoſe who 
endeavour earneſtly for the adyancement of the 

ſciences. | 
To 
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To theſe principal uſes of the mirror of Archi- 
medes, I could add many other particular ones; 
but I have confined myſelf to thoſe only which have 
appeared the moſt uſeful, and leaſt difficult to be 
put in practice, Nevertheleſs, I thought it my 
duty to ſubjoin ſome experiments that I made on the 
tranſmiſſion of light through tranſparent bodies; 
and, at the ſame time, to give ſome new ideas on 
the means of ſeeing objects at a diſtance with the 
naked eye, or with a mirror, like that ſpoken of by 
the ancients, and by the effect of which, veſſels could 
be perceived from the port of Alexandria, as far as 
the curvature of the earth would permit. 

Phyſicians at preſent know, that there are three 
cauſes which prevent the -light from uniting in a 
point, when its rays have paſſed the objective glaſs of 
a common mirror, The firſt, 1s, the ſpherical curve 
of this glaſs, which diſperſes a part of the rays in a 
fpace terminated by a curve, The ſecond, is the 
angle under which the object appears to the naked 
eye; for the breadth of the focus of the objective 
glaſs.has a diameter nearly egual to the chord of 
which this angle meaſures. The third, is the dif- 
ferent refrangibility of the light ; for the moſt re- 
frangible rays do not collect in the ſame place where 

the leſſer refrangible rays do. 

The firſt cauſe, may be remedied by ſubſtituting, 
as Deſcartes has propoſed, elliptical or hyperbolical 
glafles to the ſpherical. The ſecond is to be reme- 
died by a ſecond glaſs, placed to the focus of the 
objective, whoſe diameter is nearly equal the breadth 
of this focus, and whoſe ſurface is. worked on a 
iphere of a very ſhort ray. 'The third has been 
found to be remedied, by making teleſcopes, called 
Acromatics, which are compoſed of two. forts of 
glaſſes which diſperſe the coloured rays differently; 
to that the diſpertion of the one is corrected by the 

other, without the general refraction, which conſti- 
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tutes the mirror, being deſtroyed. A teleſcope 31 
feet long, made on this principle, is in effect equiva- 
lent to the old teleſcopes of 25 feet. | 

On the whole, the remedy of the firſt cauſe is 
perfectly uſeleſs to this preſent time, becauſe the 
effect of the laſt being much more conſiderable, has 
ſuch great influence on the whole effect, that noz 
thing can be gained to ſubſtitute byperbolical or el- 
liptical glaſſes to ſpherical, and that this ſubſtitution 
could not become adyantageous, but in the caſe where 
the means of correcting the effect of the different re- 
frangibility of the rays of light might be found: it 
ſeems, therefore, at preſent, that we ſhould do 
well to combine the two means, and to ſubſtitute, in 
acromatic teleſcopes, elliptical glaſſes. 

To render this more obvious, let us ſuppoſe, the 
object obſerved to be a luminous point without ex- 
tent, as a fixed ſtar is to us, It is certain, that with 
an objective glaſs, for example, of thirty feet focus, 
all the images of this luminous point will extend in 
the form of a curve to*this focus, if it is worked on 
a ſphere; - and, on the contrary, they will unite in 
one point, if this glaſs is hyperbolical : but, if the 
object obſerved at a certain extent, as the moon 
which occupies half a degree of ſpace to our eyes, 
then the image of this object will occupy a ſpace 
of three inches diameter in the focus of the objective 
glaſs of thirty feet ; and the abercation cauſed by the 
ſphericity, producing a confuſion in any luminous 
point, it produces the ſame on every luminous point 
pf the moon's diſk, and, conſequently, wholly diſ- 
figure it. There would be, then, much diſadvan- 
tage in every caſe to make uſe of elliptical glaſſes for 
long teleſcopes, ſince the means has been found in 
a great meaſure to correct the effect produced by the 
different refrangibility of the mirrors. 

From what we have obſerved, it follows, that if 
we would make a teleſcope of thirty feet to obſerve 
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the moon with, and ſee it completely, the ocular 
glaſs muſt be at leaſt three inches diameter to col- 
le& the whole image, which the objective glaſs pro- 
duces to its focus; and if we would obſerve this 
planet with a teleſcope of ſixty feet, the ocular glaſs 
muſt. be at leaſt fix inches diameter; becauſe the 
chord which the angle meaſures, under which the 
moon appears to us, is, in this caſe, three inches, 
and nearly fix inches : therefore, aſtronomers never 
make uſe of teleſcopes which include the whole diſk 
of the moon, becauſe they would not magnify but 
very little, But, if we would obſerve Venus with a 
teleſcope of fixty feet, as the angle under which it 
appears to us is only fixty ſeconds, the ocular glaſs 
can only have four lines diameter ; and if we make 


uſe of an objective of 120 feet, an ocular glaſs of 


eight lines diameter would ſuffice to unite the whole 
image which the objective forms to its focus, 

Hence we ſee, that if even the rays of light were 
equally refrangible, we could not make ſuch ſtrong 
teleſcopes to fee the moon with, as to ſee the other 
planets, and that the ſmaller a planet appears to our 
fight, the more we can augment the length of the 
teleſcope with which we can ſee it wholly. Hence 
it may be well conceived, that in this ſuppoſition 
of the rays equally refrangible, there muſt be a cer- 
tain length more advantageouſly determined than 
any orher for ſuch or ſuch planet, and- that this 
length of the teleſcopes, not only depend, on the 
angle under which the planet appears to our ſight ; 
but alſo, on the quantity of light with which it is 
brightened. | 

In common teleſcopes, the rays of light being 
differently refrangible, all that can be done in this 
mode to perfectionate them, would not be very ad- 
vantageous ; becauſe, that under whatſoever angle 
the object or planet appears to our fight, and 
whatever intenfity of light it may have, the 0 
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will never collect in the ſame part; the longer the 
teleſcope is, the more interval it will have between 
the focus of the red and violet rays, and conſequent - 
ly the more confuſed the image of the object ob- 
ſerved. | ws. 
Refracting teleſcopes therefore cannot be perfecs 
tionated, but by ſeeking for the means of correctin 
this effect of the different refrangibility, either by 
compoſing teleſcopes of different denſities ; or by 
other particular means, which would be different ac- 
cording to different objects and circumſtances. Sup- 
poſe, 2 example, a ſhort teleſcope compoſed of 
two glaſſes, one convex and the other concave, it is 
certain, that this teleſcope can reduce itſelf to ano- 
ther, whoſe two glaſſes would be plain on one fide, 
and on the other bordering on ſpheres, whoſe rays 
would be ſhorter than that on the ſpheres on which 
the glaſſes of the firſt teleſcope have been conſtruct- 
ed. At preſent to avoid this, a great part of the 
effect of the different refrangibility of the rays, this 
ſecond teleſcope may be'made, with one fingle piece 
of maſſive glaſs, as I had it done with two pieces 
of white glaſs, one of two inches and an half in 
length, and the other one inch and an half, but 
then the loſs of tranſparency is a greater inconve- 
nience than that of the different —— ibility cor- 
rected by this means, for theſe two ſmall maſſive te- 
leſcopes of glaſs, are more obſcure than a ſmall 
common teleſcope of the ſame glaſs and dimenſions, 
They indeed give leſs iris, but are not better, and 
they are made longer: in maſſive glaſs, the light 
after having croſſed this thickneſs of glaſs, would 
no longer have a ſufficient force to take in the 
image of the object to our eye. So to make teleſ- 
copes ten or twenty foot long, I only find water that 
has ſufficient tranſparency to ſuffer the light to paſs 
without entirely extinguiſhing it in this great thick- 
neſs. By uſing therefore water to fill up the 9 
| vals 
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vals between the objective and the ocular glaſs,” we 
ſhall in part diminiſh the effect of the different re- 
frangibility ; becauſe, that water approaches nearer 
to glaſs than air, and if we could, by loading the 
water with different ſalts, give it the ſame refringent 
degree of power as to glaſs ; it is not to be doubted, 
that we ſhould correct ftill more by this means the 
different refrangibility of the rays : a tranſparent 
liquor ſhould be therefore uſed, which would have 
nearly the ſame refrangible power as glaſs ; for then 
it would be certain, that the two glaſſes with their 
liquor between them, will in part correct the effect 
of the different refrangibility of the rays, in the 
ſame mode as it is corrected in the ſmall maſſive te- 
leſcope which I ſpeak of. | 


According to the experiments of M. Bougues, the 
thickneſs of a line of glaſs deſtroys = of light, 


and conſequently the diminution would be made in 
the following proportion. 


Thickneſs, 1, 2, 3, 4, 5, 6 times. 


Diminution + 22 52..352 1292 inſomuch, that 
47 343 2401 16807 117649 


: 
by the ſum of theſe fix terms, we thould find, that 
the light which paſſes through fix lines of glaſs, 


would have already loſt 2 that is, about of its 


quantity. But it muſt be confidered, that M. Bou- 
guer makes uſe of glaſſes which are but little tranſ- 
Parent, ſince he has obſerved, that the thickneſs of 


a line of theſe glaſſes deſtroys p of the light. By the 


experiments which I have made on different kinds of 
white glaſs, it has appeared to me that the light“ 
diminiſhes much leſs. Theſe experiments are eaſy 
to be made, and what all the world may repeat. 

In a dark chamber whoſe walls were blackened, 
and which I made uſe of for optical experiments, I 
had a candle lighted of fixes to the pound, the room 
was very large, and the candle the only light in it. 


I then 
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I then tried at what diſtance I could read by this 
light, and found that I read very eafily at twenty-four 
feet four inches from the candle. Afterwards, hav- 
ing placed a piece of glaſs about a line thick. before 
it, at two inches diſtance, I found that I ſtill read 
very plainly at twenty-two feet nine inches : and by 
ſubſtituting to this glaſs another piece of two lines in 
thickneſs, and of the ſame glaſs, I read at twenty-one 
feet diſtance from the candle. Two of the ſame 
glaſſesjoined one to the other, and placed before the 
candle, diminiſhed the light ſo much, that I could 
only read at ſeventeen feet and an half diſtance : and 
at length, with three glaſſes, I could only read at 
fifteen feet. Now, the light of a candle diminiſh- 
ing as the ſquare of the diſtance augments, its dimi- 
nution ſhould have been in the following progreſhon, 
4 


if glaſſes had not been interpoſed, 2 Th 223, 

1 177. yy TR 592 5. 5172. 441. 3064. 225. 
Therefore, the loſſes of the light, by the interpoſi- 
tion of the glaſſes, are in the following progreſſion, 
8477+ 151. 2857, 3674. 

From hence it may be concluded, that the thick- 
neſs of a line of this glaſs diminiſhes only 385 of 
light, or about = : that two lines diminiſhes = not 
quite 4, and three glaſſes of two lines, ”, i. e. leſs 
than z. 5 | 


As this reſult is very different from that of 
M. Bouguero, and as I was cautious of ſuſpecting 
the truth of his experiments, I repeated mine with 
common glaſs. For long teleſcopes water can alone 
be uſed ; and, it is ſtill to be feared that an inconve- 


niency will ſubſiſt; for what will be the opacity re- 


ſulting from this quantity of liquor which, I ſup- 
poſe, fills the interval between the two glaſſes ? 
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The longer the teleſcope, the greater loſs of light 
will enſue; ſo that it appears at firſt ſight, that this 
mode cannot be uſed, efpecially for long teleſcopes ; 
for following what M. Bouguer ſays in his Optical 
Effay, on the gradation of light, nine feet ſeven 
inches ſea water, diminiſhes the light in a relation of 
14 to 5; therefore, theſe long teleſcopes filled with 
water, can not be uſed for obſerving the ſun, 
and the other ſtars would not have light enough 
for to perceive them acroſs a thickneſs of twenty or 
thirty feet of intermediate liquor. 

Nevertheleſs, if we conſider, that by allowing 
only an inch, or an inch and an half, for the bore of 
an objective of thirty feet, we ſhall very diſtinctly 
perceive the planets in the common teleſcopes of this 
length; we may ſuppoſe, that by allowing a greater 
diameter to the objective, we ſhould augment the 
quantity of light in the ratio of the ſquare of this dia- 
meter; and, conſequently, if an inch bore ſuffices 
to ſee a ſtar diſtinctly in a common teleſcope, three 
inches bore will be ſufficient to ſee it diſtinctly 
through a thickneſs of ten feet water ; and that with 
a glaſs of three inches diameter, we ſhould equally 
2 it through a thickneſs of twenty feet water, and 
ſo on. | 

It appears, therefore, that we might hope to meet 
with ſucceſs in conſtructing a teleſcope on theſe prin- 
ciples; for, by increafing the diameter of the objec- 
tive, we partly regain the light loſt by the defect of 
the tranſparency of the liquor. 

But what appears to ine certain, 1s, that a tele- 
ſcope conſtructed on this mode, would be very uſe- 
ful to obſerve the ſun ; for, by ſuppoſing it even the 
length of 100 feet, the light of that planet would be 
not too ſtrong after having traverſed this thickneſs of 
water, and we ſhould obſerve the ſurface of this pla- 
net, leiſurely and eafily, without the need of 
making ule of ſmoked glafles, or of receiving the 

| image 
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image on paſteboard; an advantage no other tele- 
ſcope can have, | 

There would be only ſome triſling difference in 
the conſtruction of this ſolar teleſcope, if we wanted 
the whole face of the ſun preſented ; for, pre 
it the length of 100 feet, in this caſe, the ocular glaſs 
would require to be ten inches diameter; becauſe 
the ſun, taking up more than half a celeſtial de- 
oree, the image formed hy the objective to its focus 
at 100 feet, will at leaſt have this length of ten 
inches; and to unite it wholly, it will require 
an ocular glaſs of this breadth, to which only twenty 
inches of focus ſhould be given to render it as ſtrong 
as poſhble : for the objective, as well as the ocular 
glaſs, ſhould be ten inches diameter, in order that 
the image of the planet, and the image of the bore 
2 the teleſcope, ſhould be of an equal ſize with the 
ocus. 

If this teleſcope which I propoſe, ſhould only 
ſerve to obſerve the ſun exactly, it would be of 
great ſervice : for example, it would be very curi- 
ous to be able to diſcover whether there are greater 
or leſs luminous parts than others in the ſun; it there 
are inequalities on its ſurface, and of what kind; if 
the ſpots float on its ſurface; or whether they are 
fixed there, &c. The brightneſs of its light pre- 
vents us from obſerving it with the naked eye, and 
the different refrangibility of its rays renders its 
image confuſed when received in the focus of an 
objective glaſs, or on paſteboard, ſo the ſurface of 
. the ſun 1s leſs known to us, than that of other pla- 
nets. This different refrangibility of its rays would 
not be near entirely corrected in this long teleſcope 
filled with water ; bur it this liquor could, by the 
addition of ſalts, be rendered as denſe as glals, ir 
would then be the ſame as if there was only one 
glaſs to paſs through; and it appears, that there 
would be more advantage in making uſe of theſe 

| tele- 
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The longer the teleſcope, the greater loſs of light 
will enſue; ſo that it appears at firſt ſight, that this 
mode cannot be uſed, efpecially for long teleſcopes ; 
for following what M. Bouguer ſays in his Optical 
Effay, on the gradation of light, nine feet ſeven 
inches ſea water, diminiſhes the light in a relation of 
14 to 5; therefore, theſe long teleſcopes filled with 
water, can not be uſed for obſerving the ſun, 
and the other ſtars would not have light enough 
for to perceive them acroſs a thickneſs of twenty or 
thirty feet of intermediate liquor. 

Nevertheleſs, if we conſider, that by allowing 
only an inch, or an inch and an half, for the bore of 
an objective of thirty feet, we ſhall very diſtin&ly 
perceive the planets in the common teleſcopes of this 
length; we may ſuppoſe, that by allowing a greater 
diameter to the objective, we ſhoulda augment the 
quantity of light in tho ratio of the ſquare of this dia- 
meter ; and, conſequently, if an inch bore ſuffices 
to ſee a ſtar diſtinctly in a common teleſcope, three 
inches bore will be ſufficient to ſee it diſtinctly 
through a thickneſs of ten feet water ; and that with 
a glaſs of three inches diameter, we ſhould equally 
2 it through a thickneſs of twenty feet water, and 
o on. 

It appears, therefore, that we might hope to meet 
with ſucceſs in conſtructing a teleſcope on theſe prin- 
ciples; for, by increafing the diameter of the objec- 
tive, we partly regain the light loſt by the defect of 
the tranſparency of the liquor. 

But what appears to ine certain, 1s, that a tele- 
ſcope conſtructed on this mode, would be very uſe- 
ful to obſerve the ſun ; for, by ſuppoſing it even the 
length of 100 feet, the light of that planet would be 
not too ſtrong after having traverſed this thickneſs of 
water, and we ſhould obſerve the ſurface of this pla- 
net, leiſurely and eaſily, without the need of 
making ule of ſmoked glaſſes, or of receiving the 
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image on paſteboard; an advantage no other tele- 
ſcope can have. | | 

There would be only ſome triſling difference in 
the conſtruction of this ſolar teleſcope, if we wanted 
the whole face of the ſun preſented ; for, ſuppoſing 
it the length of 100 feet, in this caſe, the ocular 5 
would require to be ten inches diameter; becauſe 
the ſun, taking up more than half a celeſtial de- 
gree, the image formed hy the objective to its focus 
at 100 feet, will at leaſt have this length of ten 
inches; and to unite it wholly, it will require 
an ocular glaſs of this breadth, to which only twenty 
inches of focus ſhould be given to render it as ſtrong 
as poſſible : for the objective, as well as the ocular 
glaſs, ſhould be ten inches diameter, in order that 
the image of the planet, and the image of the bore 
2 the teleſcope, ſhould be of an equal ſize with the 
ocus. 

If this teleſcope which I propoſe, ſhould only 
ſerve to obſerve the ſun exactly, it would be of 
great ſervice : for example, it would be very curi- 
ous to be able to diſcover whether there are greater 
or leſs luminous parts than others in the ſun ; it there 
are inequalities on its ſurface, and of what kind; if 
the ſpots float on its ſurface; or whether they are 
fixed there, &c. The brightneſs of its light pre- 
vents us from obſerving it with the naked eye, and 
the different refrangibility of its rays renders its 
image confuſed when received in the focus of an 
objective glaſs, or on paſteboard, ſo the ſurface of 
the ſun is leſs known to us, than that of other pla- 
nets. This different refrangibility of its rays would 
not be near entirely corrected in this long teleſcope 
filled with water ; bur it this liquor could, by the 
addition of ſalts, be rendered as denſe as glaſs, it 
would then be the ſame as if there was only one 
glaſs to paſs through; and it appears, that there 
would be more advantage in making uſe of theſe 
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teleſcopes filled with water, than with the common 
teleſcopes with ſmoked glaſſes. 

Be it as it may, this is certain, that to obſerve the 
fun, a teleſcope is required quite different from thoſe 
we make uſe of for the other planets; and it is alſo 
very certain, that a particular teleſcope is neceſſary 
for each planet, proportionate to their intenfity of 
light, i. e. to the real quantity of light with which 
they appear to be enlightened. In all teleſcopes the 
objectives are required as large, and the ocular glaſs 
as ſtrong, as poſhble, and, at the ſame time, the 
diſtance of the focus proportionated to the intenſity 
of the light of each planet. To do this with the 
greateſt advantage, it is requiſite to uſe only an ob- 
jective glaſs ſo much the larger, and a focus fo much 
the ſhorter as the planet has light. Why has there 
not hitherto objective glaſſes been made of 243 feet 
diameter? The aberration of the rays cauſed by 
the ſphericity of the glaſſes, is the ſole cauſe of 
the confuſion, which is as the ſquare of the dia- 
meter of the tube ; and it is for this reaſon that ſphe- 
rical glaſſes with a ſmall bore are of no value when 
enlarged ; we have more light, but leſs diſtinction 
and clearneſs. Nevertheleſs, broad ſpherical glaſſes 
are very good for night teleſcopes : the Engliſh have 
conſtructed teleſcopes of this nature, and they make 
uſe of them very advantageouſly: to ſge veſſels at a 

reat diſtance in dark nights. But at preſent, as we 
| nol how, in a great meaſure, to correct the effects 
of the different refrangibility of the rays, it ſeems, 
that we ſhould make elliptical or hyperbolical glafles, 
which would not produce this alteration cauſed by 
ſphericity, and which, conſequently, would be three 
or four times broader than ſpherical glafſes. There 
is only this mode of augmenting to our fight the 
quantity of light ſent to us from the planets, for we 
cannot put an additional light on the planets, as we 
do on objects we obſerve with the microſcope, but 
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muſt at leaſt employ to the greateſt advantage poſſi- 
ble, the quantity of light with which they are illu- 
mined, by receiving it on as great a ſurface as poſ- 
fible. This hyperbolical teleſcope, which would be 
compoſed only of one ſingle large objective glaſs, 
and of an occular one proportionate, would require 
matter of the greateſt tranſparency. We ſhould unite 
by this means all the advantages, poſſible, that is to 
ſay, thoſe of the acromatic to that of the elliptical 
or hyperbolical teleſcopes, and we ſhould profit of all 
the quantity of light each planet reflects to our 
ſight. I may be deceived, but what I propoſe ap- 
pears to be ſufficiently founded to recommend its ex- 
ecution to perſons zealouſly attached to the advance- 
ment of the ſciences. | 

Employing myſelf thus on theſe reveries, ſome of 
which may one day or other be realized, and on which 
hope I publiſh them, I thought of the Alexandrian 
mirror, ſpoken of by ſome ancient authors, and by 
means of which veſſels were ſeen at a great diſtance 
on the ſea, The moſt poſitive paſſage I met with is 
the following ; 

6 Alexandria in Pharo vero erat ſpeculum e 
& ferro ſinico. Per quod a longe videbantur naves 
Græcorum advenientes; ſed paulo poſtquam Iſla- 
* miſmus invaluit, ſcilicet tempore califatus Walid- 
fil: Abdi-l-melec, Chriſtiani, fraude adhibita illud 
deleverunt. Abu-l-feda, &c. Deſcriptio Ægypti.“ 

I have imagined, 1. That ſuch a mirror was poſh- 
ble to be made. 2. That even without a mirror or 
teleſcope, we might by certain diſpoſitions obtain 
the ſame effect, and ſee veſſels from land, as far, 
perhaps, as the curvature of the earth would permit. 
We have obſerved that perſons whoſe fight was very 
good, have perceived objects illumined by the ſun, 
at more than 3400 times their diameter, and at the 
fame time we have remarked, that the intermediate 
light was of ſuch great hurt to that of diſtant ob- 


jects, 
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jects, that by night a luminous object is perceived at 
ten, twenty, and perhaps a hundred times greater 
diſtance than during the day. We know that at the 
bottom of very deep pits, ſtars may be ſeen in the 
day-time ; why therefore ſhould we not ſee veſſels 
illumined by the rays of the ſun, by placing one's 
ſelf at the end of a very long, dark gallery, fituated 
on the ſea ſhore, in ſuch a manner as to receive no 
other light than that of the diſtant ſea, and the veſ- 
ſels which might be thereon. This gallery is only 
an horizontal pit which has the ſame effe& with re- 
ſpect to ſhips as the vertical pit with reſpect to the 
ſtars ; and this appeared to me ſo ſimple, that I am 
aſtoniſhed it has never before been thought of. It 
ſeems to me, that by taking the time of the day for 
our obſervations when the fro ſhould be behind the 
gallery, that is to ſay, the time when the veſlels 
would be much illumined, we might ſee them from 
the bottom of this dark gallery, ten times at leaſt 
better than in the open light. Now, a man on horſe 
is eafily diſtinguiſhed at a mile diſtance, when the 
rays of the ſun ſhines on them, and by ſuppreſſing 
the intermediate light which ſurrounds us, and dark- 
ening our ſight, we ſhall ſee at leaſt ten times far- 
ther; that is to ſay, ten miles. Ships would there- 
fore be ſeen much larger, and as far as the curva- 
ture of the earth would permit, without any other 
inſtrument than the naked eye, > 
But a concave mirror of a great diameter and any 
focus, placed at the end of a long black tube, would 
have nearly the ſame effect as our great objective 
glaſſes of the ſame diameter and form would have 
during the night, and it was probably one of theſe 
concave mirrors of poliſhed ſtcel, that was eſtabliſh- 
ed at the port of Alexandria, If this ſteel mirror 
has really exiſted, we cannot refuſe to the ancients 
the glory of the firſt invention; for this mirror can be 
only effected by as much as the light reflected by its ſur- 
| | face 
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face, was colleQed by another concave mirror placed 
at its focus, and in this conſiſts the eſſence of the 
teleſcope and the facility of its conſtruction. Ne- 
vertheleſs, this does not deprive Newton of any 
glory, who firſt renewed the almoſt forgotten inven- 
tion. As the rays of light are by their nature differ- 
ently refrangible, he was inclined to think there were 
no means of correcting this effect; or, if he had 
perceived theſe means, he judged them fo difficult, 
that he choſe rather to turn his views another way, 
and produce by means of the reflexion of the rays, 
the great effects which he could not obtain by their 
refraction. He has therefore conſtructed his teleſcope, 
the reflection of which is much ſuperior to that of 
cominon teleſcopes. 'The beſt teleſcope's are always 
dark in compariſon of the acromatic, and this ob- 
ſcurity does not proceed only from the defect of the 
poliſh or the colour of the metal of mirrors, but from 
the nature even of light, the rays of which being diff- 
erently refrangible, are alſo differently reflexible, al- 
though in much leſs unequal degrees. It remains 
therefore to perfectionate the teleſcope as much as 
poſſible, and to find the manner of compenſating 
this different reflexibility, as we have diſcovered that 
of compenſating the different refrangibility. 

After all that has been ſpoken of, I imagine that ir 
will be well perceived, that a very good day glaſs 
may be made, without uſing either glaſſes or mit- 
rors, and fimply by ſuppreſſing the ſurrounding 
ſight by means of a tube 150 or 250 feet long, and 
by placing ourſelves in an obſcure place. The 
brighter the day is, the greater will be the effect. I 
am perſuaded that we ſhould be able to ſee at fifteen 
and perhaps twenty miles diſtance, The only differ- 
ence there is between this long tube and a dark gal- 
lery, which I propoſed, is, that the field, i. e. the 
ſpace ſeen would be ſmaller and preciſely in the ratio 

of 


268 NATURAL HISTORY. 


of the ſquare of the bore of the tube to that of the 
gallery. 


a Mi. 


9 


OBSERVATIONS and EXPERIMENTS, made 
with a View of improving CANNONS, 


(CANNONS are made of caſt iron, in France as 
well as in England, Holland, and elſewhere. 
Two motives have given birth to this cuſtom : the 
firſt is that of ceconomy ; for a cannon of caſt iron 
* coſts' much leſs than a cannon of forged iron, and 
fill much leſs than a braſs cannon ; and that alone 
has, perhaps, been ſufficient to give them the 
reference. It is likewiſe pretended, and I am in- 
clined to believe it, that the braſs cannon, ſome of 
which our veſſels for parade are armed with, ren- 
ders in exploſion ſo violent a report, as to make the 
people in the veſſel deaf for a ſhort time. On the 
other hand, it is aſſerted, that the cannons of forged 
iron muſt not be uſed on board of ſhips by reaſon of 
their lightneſs, which one would imagine ought to 
make them preferred : the exploſion cauſes them to 
recoil from the portholes wherein, it is ſaid, it is im- 
poſſible to detain them firm, nor even ſufficiently to 
give them a certain direction. If this inconvenience is 
not real, or if it can be remedied, no doubt but can- 
nons of forged iron ought to be preferred to thoſe of 
caſt, as they would be as light again, and have more 
than doublethe refiſtance. Marſhal Vauban fabricated 
* ſome very good ones, of which the remains are yet 
to be ſeen at the manufacture of Charleville. The 
labour would not be more difficult than that of an- 
chors, and a manufactory, as well eſtabliſhed for 
this purpoſe as that of M. la Chauſſade for anchors, 

might be of great utility. 
However, 


[ 
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However, as this is not the actual ſtate of things, 
we ſhall only carry our obſervations on caſt iron can- 
nons. Great complaint is made of their weak reſiſt- 
ance in theſe latter times; for, in ſpite of the moſt 
nice proofs, ſome have ſplit on board our veſſels; a 
terrible accident, which never happens without do- 
ing great injury, and loſs of many men. The mi- 
niſter, willing to remedy this evil, or rather prevent 
it for the future, being informed, that I made ſome 
experiments on caſt iron, aſked my advice thereon 
in 1768, and ſollicited me to employ my time on 
this important ſubject. I delivered myſelf up to it 
with zeal, and in concert with Viſcount Morogues, 
x very enlightened gentleman, I gave ſome obſerya- 
tions I made to the miniſter, with my experiments, 
and thoſe which remained to be made to perfectionate 
cannons. I am yet ignorant of the reſult and ſucceſs, 
The miniſter for maritime affairs being changed, 
I no longer heard ſpeak either of experiments or 
cannons : but, this ought not to prevent me from 
giving, without being aſked, whatever I have found 
to be of uſe, during the three years I employed my- 
ſelf in this undertaking, and which ſhall compoſe 
the ſubject of this memoir. | 
Cannons melt in a perpendicular fituation, in 
molds of many fcet depth, the breach downwards, 
As it requires many thouſand weight of matter in fu- 
fion to make a large cannon filled and charged with 
the maſs which muſt compreſs it in its ſuperior part, 
it was a prejudiced opinion, that two and even three 
turnaces were neceflary to melt a large cannon. As 
the largeſt ſows of iron melted in the greateſt fur- 
naces, are only 2 500, or at moſt 3o0001b. and as the 
matter in fuſion remains only twelve or fifteen hours 
in the crucible of the furnace, it was imagined, that 
double or treble this quantity of matter in fuſion, 
which would be gbliged to be left for thirty-ſix or 
forty hours in the crucible before it was run, would 
Vor. V. D d not 
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not only deſtroy the crucible, but even the ſurnace, 
by its bubbling and exploſion ; by means of which 
the moſt prudent ſtep was taken, and large cannons 
run, by ſucceſſively running at the ſame time the caſt 
from two or three furnaces, placed ſo that the 
three currents of the metal might arrive at the ſame 
time into the mould, | 

It does not require much reflection to ſhew that 
this practice is bad: it is impoſſible that the fuſed 
metal of each of theſe furnaces is in the ſame degree 
of heat and fluidity; conſequently, the cannon is 
found compoſed of two or three different matters; 
inſomuch, that many of its parts, and often an whole 
fide is found neceſſarily of a worſe or weaker mat- 
ter than the reſt, which is the greateſt of all incon- 
veniencies, with reſpect to reſiſtance, fince, the 
effort of the powder acting equally on all ſides, ne- 
ver fails of burſting or cracking in the weakeſt parts. 
I therefore was reſolved to try, and, in fact, ſee 
whether there was any danger to keep a greater quan- 
tity of metal in fuſion a longer time than common ; 
but found, during thirty-ſix hours fuſion, neither 
any other exploſion nor bubbling than what ſome- 
times happens when crude matters falls into the cru- 
cible. I then let it flow, and it formed three ſows, 
weighing together 46001b. of a very good caſt. 
By a ſecond experiment, I retained the metal 
forty-eight hours in fuſion without inconvenience, 
This long ſtay only purified it the more, and, con- 
ſequently, diminiſhed the volume by increaſing the 
maſs. As it contained a great quantity of hetoro- 


geneous parts, ſome of which burnt, and others con- 


verted into elaſs ; one of the greateſt means of de- 
Purating it 


„is to permit it to remain in the fur- 
nace. | | 


© Being, therefore, well aſſured, that the prejudice 
of the neceſſity of two or three furnaces, was very 
badly founded, F propoſed to reduce the furnaces of 


Rouelle, 
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Ruelle, in Augoumois, to one, which was followed 
and executed by the order of the miniſter : twenty- 
four pounders were melted without inconvenience, 
and with ſucceſs, in a ſingle furnace; and I have 
all the reaſon imaginable to preſume, that thirty-fix 
pounders might be melted, and would ſucceed. 
This firſt point obtained, I ſought whether there 
were not ſtill other cauſes which might contribute to 
the fragility of our cannon ; and, in fact, found 
ſome which contributed ſtill more than the inequa- 
lity of the ſtuff of which they were compoſed, by 
running them from two or three furnaces. 

The firſt of thoſe cauſes, is the bad cuſtom eſta- 
bliſhed for upwards of twenty years, to turn the ex- 
ternal ſurface of the cannons to render them more 
agreeable to the eye; nevertheleſs, it is with the 
cannons, as with the ſoldier, he ſhould be rather ro- 
buſt than elegant; and theſe cannons, turned, 
and poliſhed, ought not to impoſe on the eyes of 
our brave ſea officers : for, I think it demonſtrable, 
that they are not only much weaker, but alſo of a 
leſs duration, The little we are verſed in the know- 
ledge of the fuſion of iron ore, we have remarked by 
anvils, balls, &c. and with greater reaſon cannon, that 
the centrifrugal force of the heat impels the moſt 
maſhve and the pureſt part to the circumference ; 
there remains then only to the center what 1s the 
worlt, and often even there is formed a cavity. 
Among a number of bullets which were broken, 
more than half were found to have a cavity in their 
center, and in all the reſt a matter more porous than 
the other part of the bullet. We ſhall farther re- 
mark, that there are many rays tending from the 
center to the circumference, and that the matter 1s 
more compact, and of a better quality, in propor- 
tion as it is more remote from the center. We 
ſhall likewiſe obſerve, that the ſurface of the bullet, 
mortar, or cannon, is much harder than the internal 


part; 
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part: this greater hardneſs proceeds from the moi- 
{ture of the mould to the external part of the piece; 
which penetrates to the thickneſs of three lines in 


ſmall pieces, and to a line and an half in large. It 


is in this the greateſt ſtrength of the cannon conſiſts; 
for this external layer unites the extremities of all 
the diverging rays I ſpeak of, which are the lines by 
which the rupture is made: it ſerves as armour to 
the cannon, is the pureſt part, and by its great hard- 


neſs, contains all the internal parts which are ſofter, 


and would cede more eaſily without that to the force 
of the exploſion, Now, what is done in the turn- 
ing of cannons? We begin, by raiſing up by in- 
ſtruments all that external ſurface ; we penetrate 
into the external part of the piece, to the point where 
it is found ſoft enough to permit itſelf to be turned, 
and by this operation take off, perhaps, one fourth 
of its force. 

This external coat, which we are ſo wrong in 
taking off, is, at the ſame time, the armour and 
ſhield of the cannon : it not only gives it all the 
power of refiſtance it ought to have, but it likewiſe 
Befende it from the ruſt which the turned cannons 
gather in a ſhort time: we had better poliſh them 
with oil, or paint them. As the matter of the ex- 


ternal ſurface is as tender as all the reſt, the ruſt 


cats into it with a great deal more advantage, than in 
thoſe whoſe ſurface is warranted by the temper. When 
I was, therefore, convinced, by my own obſerva- 


tions, of the prejudice this mal- practice did to our 


cannons, I gave my advice to the miniſter to have it 
1674 HOW ; but I do not think my advice was fol- 
owed, becauſe there were ſeveral perſons very en- 
lightened otherwiſe, and particularly M. de Mo- 
roques, who have thought differently. Their opi— 
nion, ſo contrary to mine, is founded on the temper 
rendering the iron more brittle ; and hence, they 
looked on the external coat as the weakeſt and leaſt 
- | | refiſting 
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reſiſting of all the parts of the piece; and conclude, 
that not much injury is done by taking it off. They 
add, if we would remedy this evil, we have only to 
give a few lines more thickneſs to the cannon, 

I own, that I could not give way to theſe reaſons, 
We muſt diſtingutſh in the temper, as in every 
thing elſe, many flakes, and even many links of it, 
Iron and fteel heated white, and ſuddenly dipped 
in very cold water, become very brittle: dipped in 
water not ſo cold, they are much leſs brittle; and in 
hot water, the dipping does not give them any ſenſi- 
ble fragility, I have ſome experiments hereon, 
which appear deciſive. During the ſummer, 1772, 
] dipped in river water, which was then warm enough 
to bathe in, all the iron bars, forged in one of the 
fires of my forge ; and, comparing this iron with 
that which was not dipped, the difference of the 
grain was not ſenfible, no more than that of their 
reſiſtance to the maſs when they are broken. But 
this iron, worked in the ſame manner by the ſame 
workmen, and dipped in the winter in the water of 
the ſame river which was almoſt frozen over, it not 


only became brittle, but, at the ſame time, loſt all © 


its nerve, ſo that it might be thought to be no lon- 
ger the ſame iron. Now, the dipping, which 1s 
made to the ſurface of the cannon, is not certainly a 
cold one, it is produced only by the little humidity 
which iſſues from the mould already dried. We 
muſt not, therefore, reaſon on it as on another cold 
tempering, nor conclude that it renders this external 


coat much more hrittle than it would be without it. 


I ſuppreſs many other reaſons which I might alledge, 
becauſe the thing appears ſufficiently evident and 

clear. : | | 
Another object on which it is not ſo eaſy to pro- 
nounce affirmatively, is the practice of running the 
cannon ſolid, and to bore them afterwards with 
machines, difficult to be made, and ſtill more 3 
cult 
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cult to be conducted, inſtead of caſting them hol - 
low, as formerly, when our cannon ſplit leſs than 
they do at preſent, TI have weighed the reaſons for 
and againſt, and ſhall here preſent them. To caſt a 


- cannon hollow, a core muſt be formed in the mould, 


and placed with the greateſt exactneſs, that the can- 
non may be of a requiſite thickneſs, and that one 
fide may not be ſtronger than another. As the mat- 
ter in fuſion falls between the core and the mould, 
it has much leſs centrifugal force, and hence 
the quality of the matter is not ſo unequal in 
the cannon caſt hollow, as in that caſt ſolid ; 
but this matter alſo, for the reaſon that it 1s 
not ſo unequal, is in the whole not ſo good in the 
hollow cannon, becauſe the impurities it contains is 
mixed therewith throughout, whereas in the other 
cannon, this bad matter reſts in the center and is 
ſeperated afterwards from the cannon by boreing. I 
ſhould ſuppoſe therefore, by this firſt reaſon, that 
the bored cannon ought to be preferred to the cored 
cannon. If we could nevertheleſs caſt theſe cannon 
with ſufficient preciſion, not to be obliged to touch 
the internal ſurface ; if when we draw the core, this 
ſurface was ſufficiently cloſe, and equal in all its 
direction ſo as not to have any need of calibration, 
and conſequently partly deſtroyed by the ſteel inſtru- 
ment; they would have a great advantage over the 


other, becauſe, in this caſe, the internal ſurface 


would be found like the external ſurface, and hence 
the refiſtance of the piece would be much greater, 
But our art does not extend ſo far; we are obliged to 
ſcrape off the internal part of every piece caſt hollow 
for calibration ; by boring them we only do the 
ſame, and we have the advantage of throwing out 
all the bad matter found around the centre of the 
piece caſt ſolid :, a matter, on the contrary, which 


remains diſperſed over the whole maſs of the piece 
caſt hollow, | 


In 
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In other reſpects, cannon caſt ſolid, are much leſs 
ſubject to flaws, chambers, falſe ſoldering, &c. To 
caſt cannons with a core well, and to render them 
perfect, vents are required; whereas, there is no 
need of them in the caſting of them ſolid : as they 
do not touch the earth or ſand of which their mould 
is compoſed but by the external ſurface ; as it is rare 
that this mould is well prepared and dry; as ſome- 
what. may fall off, and that provided the caſt is not 
made precipitately and very liquid, it retains nei- 
ther the bubbles of air or water, which exhale in 
proportion as the mould fills ; there muſt not ariſe 
ſo many defects by far in this matter caſt ſolid, as 
in that where the core rendering to the internal part 
its air and humidity, can ſcarcely fail of occaſionin 
bliſters, flaws, and chambers, which will form ſo 
much the eaſier, as the matter is leſs thick, its qua- 
lity good and its refrigeration leſs ſudden. Hitherto 
all things ſeem to concur in giving the preference 
to the practice of caſting of cannons ſolid: never- 
theleſs, as it requires leſs quantity of matter for 
hollow cannons, and that from thence it is more 
eaſy to depurate it in the furnace before it is run: 
that as the expence of the boring machines is im- 
menſe, in compariſon of thoſe of cores, we ſhould 
act right in trying whether, by the mode of vents, 
which I am going to propoſe, we might not attain 
to the pitch of rendering pieces caſt with a core, 
perfect and rough, not to fear flaws, &. and not to 
be: obliged to raiſe up the temper of their internal 
ſurfaces: they would be then of a greater reſiſtance 
than the others, which may be reproached with ſeve- 
ral defects which I am going to mention. f 

The more purified the caſt is, the more compact, 
hard and difficult to bore will it be. The beſt ſteel 
tools will only cut it with difficulty, and the work 
wil go on ſo much the ſlower as the caſt is better. 
Thoſe who introduced this practice, have therefore, 


alter» 
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altered the nature of the matter for the convenience 
of their machines. They have changed the cuſtom 
of making the caſt hard, and have only run tender 
matter, which they have called douce, i. e. kind, that the 
difference may be the leſs perceptible. Hence all 
our cannon caſt ſolid, have been fuſed from this kind 
matter, i. e. from a bad caſt, and which has not 
near the purity, denſity, nor reſiſtance which it ought 
to have. I acquired the compleateſt proof of it by 
the following experiments, 

In 1767, I received from the forge of de la Nouce, 
in Brittany, fix large trunks of cannon caſt ſolid, 
weighing together 5358 1b. The ſummer following 
I bad them brought to my forges, and having bro- 
Ken off the trunnions, I found the metal of a bad 
grain, which could not be diſcovered on the outſide 
of the pieces, becauſe emery or ſome other mat- 
ter had been made uſe of, which filled the exter- 
nal pores, Having weighed this caſt in the hydro- 
Ratical ballance, I found that it was too light, and 
weighed only 461 lb. the cubical foot; whereas, that 
run at my furnace weighed go, and as I had puri- 
fied it ſtill more, it weighed 520 lb. the cubical 
foot. This fole proof might ſuffice to judge of this 
caſt, but I ſhall not dwell on it. In 1970, I con- 
ſtructed a ſtove greater than my common ſtoves, for 
the purpoſe of forging and converting into iron 
thoſe cannon trunks, which I performed by means 
of wind and coals. I caſt them into little ſows, and 
after they were cooled, I examined the colour and 
grain by breaking the maſs. I found, as I expect- 
ed, the colour greyer and the grain finer. The 
matter could not fail of being purer by this ſecond 
fuſion, and in fact, having tried it hydroſtatically, I 
Wund it weighed 469 lb. the cubical foot; which ne- 
vertheleſs, does not come near the denfity requiſite 
for a good caſt, In ſhort, I had no better ſucceſs 
with the reſt. 
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In 1770, I received from the forge at Rouelle in 
Angoumois, where the greateſt part of our cannon 
are actually caſt, ſamples of the caſt from which 
they are run, It was of a grey colour, the grain 
fine, and the weight 495 Ib. the cubical foot, re- 
duced into forged iron with care. I found the grain 
like that of common iron, with little or no nerve, al- 
though worked in ſmall rods and under the cylin- 
der. So that this caſt, although better than that 
which came to me from Rouelle is not good. I do not 
know whether their caſts have been better and hea- 
vier fince that time; I only know, that two ſea offi- 
cers, very able and zealous men, have been ſent thi- 
ther, and are both able to perfectionate the art, and 
to conduct the works of this foundery proper. But 
till the epocha I mention, I am certain that the metal 
of our ſolid cannon, was but of a middling quality; 
that ſuch a caſt has not ſufficient reſiſtance, and that 
by depriving it alſo of the band which contains it, 
i. e. by taking off by the turning inſtruments, the 
ſurface, there 1s all the reafon to fear the ſervice of 
thoſe cannon. | 
It may be here ſald, that theſe are only ill- founded 
panicks, as cannons are never made uſe of before 
they have been proved, and that a piece once proved b 
one half more charge than common, cannot fly with the 
common charge. To this I anſwer, that this 1s not onl 
uncertain, but the contrary is alſo much more proba- 
ble. In general, the proof of cannon by powder is 
perhaps the worſt method that can be uſed, to aſcer- 
tain their reſiſtance. Cannon cannot undergo the vio- 
lent efforts of proofs without breaking, but by ceding 
as much as the co-herence of the matter permits, 
and as it requires that this matter of the caft is 
perfect ſpring, the parts ſeperated by a great effect 
cannot approach nor re-eſtabliſh itſelf as they were at 
firſt, This coheſion of the integrant parts of the caſt 
being therefore greatly diminiſhed by the ſtrong effort 
Vol. V. Ee of 
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of the proofs, it is not aſtonifhing that the cannon 
ſplits afterwards with a common charge, it bein 


a ſimple effe& derived from a cauſe as fimple. If the 
ſtroke of the firſt proof divides the parts, a half or a 


third more than the common ſtrokes, they will re- eſta- 


blith themſelves and re-unite leſs in like proportion ; 
for, although their coherence has not been deſtroyed, 
ſince the piece reſiſted, it is not leſs true, that this co- 
herence is not ſo great as it was before, and as it 
has diminiſhed in the ſame ratio as the ſtrength of an 
imperfect ſpring diminiſhes. Hence a ſecond, or a 
third ſtroke, will ſplit the pieces which reſiſted at 
firſt, and thoſe which have undergone the three proofs 
without breaking, are ſcarcely ſafer than the reſt, 
After having undergone the ſame misfortune, 1. e. the 
too great ſeperation of their integrant parts, they ne- 


ceſſarily become weaker, and would conſequently cede 


to the effort of the common charge. ; 

A much ſurer mode, fimple, and a thouſand times 
cheaper to aſcertain the reſiſtance of the cannon, 
would be to weigh the caſt hydroſtatically, by putting 
a piece of the caſt on one fide when it is running, 
and if it weighs not at leaſt when cold 520lb. the cu- 
bical foot, and they are not turned nor their ſurface 
touched, I dare aſſert that they would reſiſt and endure 
as much as might be expected. I own, that by this 
mode, perhaps too {imple to be adopted, it cannot be 
known whether the piece is ſound or not, but once 
knowing the goodneſs of the caſt, it would ſuffice to 
aſcertain the reſt, to try only once and by the com- 
mon charge, cannons which are new, and we ſhould 
be much ſurer of their reſiſtance, than of thoſe which 
have undergone violent proofs. 

Many perſons have propoſed improvements on can- 
nons. Some have propoſed to cover them with cop- 
per, others with forged iron, others ſolder this iron 
with caſt, and all perhaps good in certain reſpects : 
in an art, the object of which is as important and the 

| practice 
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practice ſo difficult, the efforts ſhould be collected 
and the leaſt diſcoveries recompenſed. TI ſhall not 
here make obſervations on the cannon of M. Feutry, 
which require a good deal of art in their execution, 
nor of ſome other ingenious attempts, but thall only 
obſerve, that the ſoldering of copper with iron ren- 
ders it much more brittle : that when we ſolder caft 
iron with itſelf, by means of ſulphur, we change its 
nature, and the line of the generation of theſe two ſol- 
dered parts is no longer caſt iron, but a very brittle 
pyrite. That in general, ſulphur is an intermedium, 
which muſt never be uſed when we ſolder iron, with- 
out altering its quality, I only mention this for advice 
to thoſe who might rake this mode as the ſureſt and 
eaſieſt to render iron fuſible and to make large 
pieces. 

If we retain the cuſtom of boring of cannon, and 
if we caſt them with good hard metal, it will be requi- 
ſite to return to the boring machines of the marquis 
Montalembert, thoſe of M. de Maritz being only 
good for braſs or very ſoſt iron cannon. M. Monta- 
lembert, is one who underſtands this art of cannon 
founding the beſt, and I have always lamented that 
his zeal for all the neceſſary e I of this kind, 
has only tended to the ruin of his fortune. As I live 
far diſtant from him, I wrote this memoir without 
communicating it to him; but I ſhall be more flattered 
with his approbation than that of any other perſon, for 
I do not know any one who better underſtands what 
is here mentioned. If we were to collect in one maſs 
in the kingdom of France, the enlightened treaſures 
which are thrown aſide or di{dained, we ſhould ſoon 
be the moſt flourithing and richeft nation in the 
world. For example, he was the firſt who adviſed 
the diſcovery of the reſiftance of caſt iron by its ſpeci- 
fical weight; he alſo endeavoured to perfectionate 
the art of moulding cannons in ſand, and this art 1s loft 
ſince they have began to turn them, With moulds of 


earth, 
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earth, formerly uſed, the ſurface of cannon was always 
charged with aiperities and roughneſſes. M. de 
Montalembert beſt found that mode of moulding in 
ſand, which gave a fine poliſh to the ſurface. Thoſe 
who underſtand the arts, will perceive the difficulties he 
had to ſurmount to attain this end, and the pains re- 
quired to be taken to form workmen capable of exe- 
cuting theſe moulds, to which the bad cuſtom of turn- 
ing having been ſubſtituted. An excellent art has been 
loft to adopt a fatal practice. 

A very neceflary attention when a cannon 1s caſt is 
to prevent the droſs which ſwims on the metal, from 
falling with it into the mould. The lighter the caſt, 
the greater will be the droſs, and we may judge by 
the inſpection of the running, whether the caſt be of 
a good quality or not, for then the ſurface is ſmooth 
and has no droſs. But in all theſe caſes, we muſt take 
care to compreſs the running matter by many ſtraw 
whiſps placed in the gutters ; with this precaution, 
but littie droſs paſſes into the moulds, and if the caſt is 
denſe and compact, there will be none at all. The 
waſte of the caſt commonly proceeds only from its 
being too crude and too precipitately melted. Be- 
fides, the heavieſt matter comes firſt from the furnace : 
the breech of the cannon is always tor this reaſon of a 
better matter than the upper part of the piece ; but 
there never is any waſte in the cannon, if, on one hand 
the droſs is ſtopped by ſtraw, and that at the ſame 
time we give it a ſtrong maſs of ſuperabundant mat- 
ter, of which it. is even as neceſſary as uſeful, that 
there ſtill remains, after the running, three or four 
hundred weight inuſion in the crucible. This metal 
which remains ſupports the heat, preſerves the bot- 
tom of the furnace and prevents the melting ore from 
burning. 

It ſeems, that in France, cannon have been often 
caſt with rock ore, which contains a greater or lefler 
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quantity of ſulphur ; and as it is not cuſtomary to 
burn it in our provinces where wood is dear, as is 
practiſed in the northern countries where wood is 
plentiful ; I preſume, that the brittle quality of our 
cannon might alſo proceed from this ſulphur, which 
15 not ſeparated from the ore before it 1s thrown in- 
to the fuſing furnace. The founderies of Rouelle, 
St. Gervaſe, and Baigorry, are the only ones I am 
acquainted with, and that of Nouee, which I have 
ſpoken of. In all theſe four, I believe, only rock 
ore is made uſe of; and I have not heard that they 
only roaſt it at St, Gervaiſe and Baigorry : I have 
ſtrove to procure angles of thoſe ores. The follow- 
ing is wat M. de Morogues has written to me on 
the ſubject of the ores uſed at Rouelle. 

„The firſt is hard, compact, heavy, and ſtrikes fire 
“ with ſteel: it is of a brown colour, and formed 
* of two coats of unequal thickneſs, one of which 
is ſpongy, and ſprinkled with holes or cavities, 
* of a violet colour, and ſome of an indigo hue, 
* with ſmall protuberances, bordering on a ſan— 
5 guine colour: characters which might rank it in 
* the ninth claſs of the art of forges, as a kind of 
„ hematite ſtone, if it was not rich and kind. 
* The ſecond reſembles the preceding, with re— 
ſpect to weight, hardneſs, and colour; but it is 
a little /alardee (We term Salard, or Salarded Ore, 
66 that which has clear dark grain, mixed with a 
„grey ſand of flint and iron). It is rich in metal, 
uſed with very kind ore it melts.readily : its coat 
* when broken is ſtreaky, and ſprinkled often with 
0 cavities of a browniſh colour. It appears to be of 
the fixth kind of red ore in the art of forges. 
© The third, named in the country Glaffy, be- 
cauſe it commonly has a ſmooth appearance, and 
foft to the touch, 1s neither very heavy, nor very 
rich: it has commonly ſome {mall black and 

++ glaſſy points, of a grain reſembling Morocco m_ 
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ther. Its colour is varied, of a lively red, brown, 
or yellow, and a little green with ſome cavities, 
It appears, by reaſon of its cloſe and glaſſy ſur- 
faces, to have ſome affinity with the ſpecular ore 
ofthe eighth claſs, 

4 The fourth, which affords excellent iron, but 
in a ſmall quantity, is light, ſpongy, ſoft, and 
of a dark brown colour, having ſome little ſandy 
eminences. It appears to be a ſort of clay ore 
of the eleventh kind. 

The fifth is a ſalarded ore, affording much fire 
with ſteel: it 1s hard, compact, heavy, and 
ſprinkled with ſmall brilliant ſpecks, which are 
only ſand of the colour of wine lees. 'I his ore is 
difficult to fuſe ; the quality of its iron is faid 


not to be bad, but it produces but lirtle : the 


workmen pretend, that there is no method of 
melting it by itſelf, and that the abundance of 
ſparks which ſeparate from it, agglutinates in the 
furnace : this ore does not appear to have any 
well characterized reſemblance, with that which 
Swedemborg ſpeaks of.” 

A great number of other kinds of ore is made 
uſe of ; but they differ from the preceding only 
by leſs quality, excepting a kind of iron ore 
which may furniſh a fixth claſs. This ore is plen— 
tiful in mines, and eaſily extracted; it is yellow, 
and ſometimes mixed with ſmall grains; it affords 
little iron, and may be ranged in the twelfth 
kind. 


« The coats of all the ores of this country, 


is a vitrifiable earth, ſcarcely clayey. All theſe 


ores are mixed, and the earth extracted from 
them 1s almoſt ſandy. 


«© They term Sckiffre in Augoumois, a flint like 
fire-ſtone, and which aftords much fire when ſtruck 
againſt ſteel ; it is of a clear yellow, very hard, 

« and 
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* and ſometimes partakes of matters which may 
c have iron, but it is not ſchiſt. 

c Caſtina is a true calcareous ſtone, tolerably 
« pure, if we may judge by the uniformity of its 
« breaking, and its colour, which is grey: it is 
c heavy, hard, and takes a very ſmooth poliſh,” 

By this recital of M. de Morogues, it ſeems, that 
there 1s only the fixth kind which does not require 
to be roaſted, but only well worked before it is 
thrown into the furnace. 

On the whole, although generally ſpeaking, and 
as I have obſerved, rock ore which is found in large 
ſolid maſſes, owe their origin to the element of fire; 
nevertheleſs, there is found alſo many iron ores in 
pretty large maſſes, which are formed by the moti- 
on and intermedium of water. By the loadſtone we 
may diſtinguiſh thoſe which have undergone the ac- 
tion of fire, for thoſe will always be magnetical 
whereas, thoſe which have been produced by the 
ſtillation of waters, are not ſo at all, and will not 
become ſo, till after having been roaſted and almoſt 
liquified. Theſe rock ores which are not attractable 
by the loadſtone, contain no more ſulphur than 
our ore in grain; therefore, the operation of 
roaſting them, which is very expenſive, muſt then 
be ſuppreſſed. 

I have endeavoured to preſent in this Memoir, all 
what I have thought might be uſeful for the melio- 
ration of our ſea cannon. I perceive, at the ſame 
time, that many things remain to be done, eſpeci- 
ally to procure in each foundery a pure and compact 
caſt, to have a reſiſtance ſuperior to all exploſion ; 
nevertheleſs, I do not think that it is at all impoſſi- 
ble; and I imagine, that by purifying the iron as 
much as poſhble, we ſhould attain to that point, that 
the piece would only ſplit, inſtead of flying by too 
ſtrong a charge; if I could once obtain this _ 

ö there 


224 NATURAL HISTORY; 
there would no longer remain any thing to fear or 
deſire in this reſpect. 


„* 
* 


— 


* EXPERIMENTS on the Strength of WOOD. 


a principal uſe of wood in buildings and 
| ſtructures of all kinds, is as a ſupport : the 
practice of workmen who uſe it, is only founded on 
trials, often, in fact, reiterated, but always rude. They 
but very imperfectly know the ſtrength and reſiſt- 
ance of the materials they work with. I have endea- 
voured to determine, with ſome preciſion, : the 
ſtrength of wood, and the means to render my labours 
uſeful to builders and carpenters. To attain this 
end, I have been obliged to break many beams and 
many timbers of different lengths. We ſhall find, 
in the courſe of this Memoir, the exact detail of all 
theſe experiments; but I ſhall firſt preſent their ge- 
neral reſults, after having ſaid a word or two on the 
organization of wood, and of ſome particular cir- 
cumſtances which appeared to me to have eſcaped 
perſons who are employed in theſe matter s. 

A fire is an organized body, whoſe ſtructure is not 
yet well known. The experiments of Grew, or 
Malpighi, and eſpecially thoſe of Hales, have, in 
fact, afforded great lights on the vegetable c my; 
and, it muſt be owned, that we are indebted to 
them for almoſt all we know of this matter ; but in 
this, as well as in many others, we are ignorant of 
more than we know. [I ſhall not here make an ana- 
tomical deſcription of the different parts of a tree, as 
it would be ufeleſs for my defign ; it will be ſuffici- 
ent to give an idea of the manner in which trees 
grow, and the manner in which wood 1s formed. 

A ſeed of a tree or a nut thrown in the earth in 
the ſpring, at the expiration of a few weeks pro- 


duces a {mal}, tender, and herbaceous ſtalk, which 
in- 
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increaſes, extends, thickens, hardens, and already 
contains, at the end af the firſt year, a thread of lig- 
nous ſubſtances. At the extremity of this youn 
tree, is a bud which expands the following year, 
and from whence a ſtalk iſſues fimilar to that of the 
firſt year, hut ſtronger : this thickens and extends 
ſtill more, hardens at the ſame time, and produces 
another bud, containing the ſhoot of the third year, 
and ſo on, till the tree has attained its height. Each 
of thoſe buds is a kind of germ, which contains the 
tree of each year. The growth of trees in height is 
made, therefore, by many fimilar and annual pro- 
ductions ; fo that a tree 100 feet high, is compaſed 
in its length of many young trees, the langeſt af 
which is often only two feet high. All theſe young 
trees, never alter their 3 they exiſt in 4 
tree of an hundred years without thickening or en- 
Jarging, and only become more ſolid. Thus, then, 
is the growth in height made; and the growth in 
bulk depends thereon. This bud which formed the 
ſummit of the young tree of the firſt year, de- 
rives its nutriment from the ſubſtance, and even the 
body of this young tree: but the principal canals, 
which ſerye to conduct the ſap, are found betwixt 
the bark and the lignous part. The action of this 
ſap in motion, dilates theſe canals and enlarges 
them; while the budis raiſing, it draws and lengthens 
them: beſides, and the ſap continually boning, de · 
oſits thoſe fixed parts which augments the ſolidity. 
hus, after the ſecond year, the tree already contain 
a lignous thread in form of a very long cone, which 
is the firſt production of the wood of the firſt year, and 
2 lignous coat as conical, which ſurrounds this firſt 
thread, and ſurmounts it, and which 1s the founda- 
tion of that of the ſecond year. The third coat is 
formed like the ſecond, and it is the ſame with all 
the reſt, which ſucceſhvely and continually ſurround 
it; ſo that a large tree is a compoſition gf a great 
Vai. V. of number 
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number of lignous cones, which furround and co- 
ver each other as long as the tree grows. When it 
is felled, the number of theſe cones are eaſily rec- 
koned on the tranſverſal ſtroke of the trunk, whoſe 
ſections form circles, or rather concentrical crowns ; 
and we diſcover the age of the tree, by the number 
of theſe crowns ; for they are diſtinctively ſeparated 
from one another. Tn a ſtrong oak the thickneſs of 
each coat, or crown, is about two or three lines: 
this thickneſs is hard and ſolid wood; but the ſub- 
Nance which unites theſe crowns together, the pro- 
longation of which forms lignous cones, is not near 
ſo firm; it is the weakeſt part of the wood, whoſe 
organization is different from that of the cones, and 
depends on the mode in which theſe cones fix and 
unite to each other, and which we are going to ex- 
plain in a, few words. The longitudinal canals 
which carry the nutriment to the bud, net only 
takes extent and acquires ſolidity by the action and 
depoſit of the pith, but they alſo ſtrive to extend in 
another manner ; they branch out, and ſend forth 
little filaments like ſmall branches, which on one 
fide produce the bark, and on the other fix them- 
ſelves to the wood of the preceding year, and 
form between the two coats of the wood a ſpongy 
network, which, but tranſverſally even to a 
very great thickneſs, ſhews many ſmall holes, 
The coats of wood are, therefore, united to one 
another by a kind of network, which does not near 
occupy ſo much room as the lignous coat: it is 
not above half a line thick; and this thickneſs is 
nearly the ſame in all trees of the like kind; where- 
as, the lignous coat is more or leſs thick, and is 
conſiderably varied in the ſame kind of tree, as in 
the oak, that I meaſured, ſome of which were three 
lines aud an half, and others only halt a line thick. 
By this fimple expoſition of the texture of wood, 
we perceive that the longitudinal coherence muſt be 


n much : 
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much. more conſiderable than the tranſverſal union, 
We perceive, that in ſmall pieces of wood, as in a 
piece of an inch thick, if fourteen or fifteen lignous 
coats are to be met with, there will be thirteen or 
fourteen partitions; and, conſequently, this piece of 
wood will not be fo ſtrong as a like piece, which 
ſhall contain only five or fix, and four or five par- 
titions. We allo ſee, that in theſe ſmall pieces, if 
one or two lignous coats are met with, which are 
cut by the ſaw, which often happens, their ſtrength 
will be confiderably diminiſhed ; but the greateſt de- 
fects of theſe ſmall pieces of wood, which are the 
only ones on which experiments have hitherto been 
made, is, that they are not compoſed like large 
pieces. The poſition of the lignous coats and parti- 
tions in a bar of wood, 1s very different from the 
poſition of theſe coats in a beam; their figure is 
even different, and, conſequently, we cannot efti- 

mate the ſtrength of a large piece by that of a bar. 
A moment's reflection will make what I have ſaid, 
quite evident. To form a beam, it is only neceſſary 
to ſquare the tree; that is to ſay, take off four cy- 
lindrical ſegments of a white and imperfect, or the 
ſappy part of the wood. In the heart of the tree, 
the firſt lignous coat reſts in the middle of the piece, 
all the reſt ſurround the firſt in form of circles, or 
cylindrical crowns : the greateſt of theſe circles has 
a diameter as thick as the piece; beyond this circle, 
the reſt are cut, and form only portions of circles 
which diminiſh towards the edge of the piece. Thus 
a ſquare beam 1s compoſed of a continued cylinder 
of good ſolid wood, and of four angular portions of 
a leſs ſolid and younger wood, A bar cut from the 
body of a large trec, or taken in a plank, is quite 
otherways compoſed. There are ſmall longitudinal 
(ſegments, which are ſometimes placed parallel to one 
of the ſurfaces of the bar, and at others are more or 
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leſs inclined, from the ſegments which are longer ar 

orter, and, conſequently, ſtronger or weaker 7 
befides, there is always two poſitions in a bar, one 
of which is more advantageous than the other, If 
you 1 T5 the bar ſo that theſe planes are vertical, 
it will refiſt much more than if in an horizontal po- 
fition : that is, as if we broke many planks at one 
time, they would reſiſt much more being placed on 
the fide than on the flat, Theſe remarks renders it 
already perceptible, how little we muſt rely on the 
calculated tables, on the formulas ſet down by dif- 
ferent authors, on the ſtrength of wood, which they 
have tried only on pieces, the thickeſt of which was 
not above one or two inches, and of which they give 
us neither the number of the lignous coats which 
thoſe bars contained, nor the portion of them, nor 
the direction in which they were found when they 
broke theſe bars : circumſtances, nevertheleſs, very 
eſſential, as we ſhall perceive by my experiments, 
and by the care which I took to diſcover the effects 
of all theſe differences. Phyſicians, who have made 
experiments on the ſtrength of wood, have paid no 
attention, to theſe incenveniencies; but there are 
others, perhaps, ſtill greater, which they have alſo 
neglected to foreſce. 7 —— wood is not ſo ſtrong 
as old A bar taken from the foot of a tree reſiſts 
more than one from the top ; a bar taken at the cir- 
cumterence, near the ſap, is not fo ſtrong as a 
like piece taken at the center of the root : in other 
reſpects, the degree of dryneſs of wood adds much 
to its refiftance. In ſhort, the time employed in 
charging the pieces to break them, muſt alſo be put 
in conſideration, becauſe a piece which will ſuſtain 


a certain weight during ſome minutes, cannot ſuſtain 


this weight during an hour; and I have found, that 
timbers which had each ſupported gooo weight a 
whole day without breaking, broke in five or fix 

| months 
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months under the load of 6000 weight; that is to 
fay, that they did not bear for fix months two thirds 
of the weight they had bore during one day. All 
this proves ſufficiently how imperfect the experis 
ments which have been made on this matter are; 
and, perhaps, this alſo proves, that it 1s not very 
eaſy to perform them well. 43 98 

My firſt trials, which are in a great number, have 
only ſerved to point out the inconveniencies I ſpeak 
of. Tat firſt broke ſome bars, and calculated what 
muſt be the ſtrength of a longer and thicker bar, than 
thoſe which I had tried, and having compared the 
reſult of my calculation with the actual load, I 
found ſuch great difference, that I repeated the ſame 
thing a number of times without coming near the 


calculation of the experiments: I tried on other 


lengths and thickneſſes, the event was the ſame : at 
length, I determined to make a complete courſe of 
experiments which might ſerve me to form a table of 
the ſtrength of wood, on which I might rely, and 
all the world conſult when they had occaſion. 

I ſhall relate in as few words as poſſible, the me- 
thod in which I executed my project. TI choſe one 
hundred ſound oaks out of my woods, as cloſe to 
each other as we could find them, in order to have 
the wood from the ſame ſoil, for trees of different 
countries and different ſoils have different reſiſtances. 
Another inconvenience which alone ſeemed to ſet 
aſide all the utility expected to derive from my la- 
bour. Theſe oaks were of the ſame handſome kind, 
and produced an acorn or two on the branch : the 
ſmalleſt of theſe trees was two feet and an half in 
circumference, and the largeſt five, I choſe them 
of different ſizes, in order to come the nearer com- 
mon uſe. When carpenters have need of a piece 
five or fix inches ſquare, they do not cut it out of 
a tree which may allow a foot; the expence would 
9 1 | be 
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be too great; and it but too often happens, that they 
uſe too ſlender trees, and where they leave much ſap: 
for I do not here ſpeak of ſawed timbers ſometimes 
made uſe of, and which is cut from a larger tree; 
nevertheleſs, it is juſt obſerve, en paſſant, that theſe 
trees are weak, and their uſe ought to be pro- 
ſcribed, | | 
As the dryneſs of wood raiſes its reſiſtance conſi— 
derably, and as, beſides, it is very difficult to aſ- 
certain this degree of dryneſs, fince often in two 
trees felled at the ſame time, one will dry ſooner 
than the other. I was defirous of avoiding this in- 
convenience, which might have deranged the courſe 
of my experiments; and I thought I ſhould have 
had a more fixed and certain term by taking green- 
wood: I therefore felled the trees one by one as I 
wanted them. The ſame day a tree was felled, it 
was carried to the place where it- was to be broken : 
J had the exact dimenſions given to it, and in the 
morning it was tried. | 

Themachine with which I made the greateſt num- 
ber of experiments, was conſtructed as follows. Two 
ſtrong timbers ſeven inches ſquare, three feet high, 
and as long, ſtrengthened through their middle by 
an upright: on theſe timbers the ends of the pieces 
deſigned to be broken was placed. Many ſquare 
clamps of round iron, the thickeſt of which was 
near nine inches in its internal breadth; the ſecond 
ſeven, and the reſt ſmaller. The piece that was to 
be broken was put into the iron ring; the largeſt 
ſerved for the thickeſt pieces, and the ſmalleſt for 
bars; each had on the inſide a ridge, made to hin- 
der the ring from inclining, and alſo to ſhew the 
breadth of the iron on the wood which was to be 
broken. In the inferior part of this ſquare; iron, 
two were forged of the ſame ſize as the iron of the 
ring theſe two divided, and formed a round 


about 
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about nine inches diameter, in which a wooden pe 
was put of the ſame ſize, and four feet long. This 
key bore a ſtrong table, fourteen feet long by fix 
broad, made of timbers five inches thick, placed one 
2painſt the other, and held there by ſtrong bars. 
This we ſuſpended by means of the large wood- 
en peg, and it ſerved to put the weights in, which 
conſiſted of 300 pieces of ſtone, which weighed 
each 28, 50, 100, 150, and 200lb. Theſe ſtones 
were put upon the table, and a maſs of broad and 
long ſtones was piled up, and as high as was ne- 
ceſlary to break the piece. 

Eight men continually kept loading the table, and 
placed on the center 2co weight, then 150, 100, 
50, and ſo on down to 25. Two men on a fcaf- 
told placed the weight of 50 and 251b. which could 
not be put on from the ground without running a 
riſk. Four other men applied and ſupported the 
four corners of the table, to hinder it from ſwing- 
ing, and to keep it in equilibrium: another with 
a long wooden rule, obſerved how much the piece 
bent in proportion as it was loaded, and another ſet 
down the time, and wrote the weight, which often 
amounted to 20, 25, and 2800olb. 

In this manner I broke many hundred pieces of 
wood, as well beams as other ſlighter pieces without 
reckoning three hundred bars, and this great number 
of laborious trials has been ſcarcely ſufficient to afford 
me a ſcale of the ſtrength of wood, for all ſizes and 
lengths. I formed a table, which 1s at the end of 
this Memoir: if it is compared with thoſe of Muſ- 
chenbroek, and other phyficians who have em- 
ployed themſelves on this ſubject, it will be per- 
ccived how greatly their reſults differ from mine. 

In order to give a juſt idea of this operation, by 
which I broke the pieces of wood to diſcover the 
ſtrength of them, I ſhall relate the exact proceſs of 
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one of my experiments, by which we may judge of 
all the reſt, 
_ © "Having fell'd an oak five foot in circumference, I 
had it brought and worked the ſame day by carpen- 
ters. Ihe next morning the workmen reduced it to 
eight inches ſquare, and twelve inches long. Having 
examined this piece with care, I judged that it was 
very good; it had no other defect than a ſmall knot. 
The next morning l weighed this piece, and found it 
to weigh 4o0glb. Afterwards having put it into 
iron ring, and having turned that tide upwards 
on which the knot was, I put the ptece on the 
timbers. Having afterwards flided the iron ring to 
the middle of the piece, we lifted up by levers the 
table, which alone with the rings and key weighed 
2500lb. At fifty-ſix minutes after three, eight men 
began to load the table, at thirty-five minutes after 
five the piece had only bent two inches, although 
loaded with 16000lb. In fix minutes more it bent to 
two and a half, being then loaded with 18 foolb. In 
fix minutes more it bent to three inches, and was 
loaded with 2ro00lb. At one minute after fix it bent 
to three inches and a half and was loaded with 
2362 E Ib. when it made report like a piſtol, and imme- 
diately diſcontinued from loading it, and the piece 
bent half an inch more, i. e. twenty-four inches in the 
whole. It continued to make great reports for an 
hour, and out of the ends inden a kind of ſmoke 
with a hiſfing noiſe. It bent near ſeven inches before 
it abſolutely broke, and during thistime it ſupported the 
weight of 2362 5 lb. A part of the lignous fibres were 
cut as if they had been ſawed, and the remainder broken 
in ſhivers, leaving vacancies like the teeth of a comb, 
the edge of the ring which was about three times 
broad and which bore all the load, was entered a- 
bout a line and an half into the wood, and on each 
fide a bundle of fibres, and the little knot which was 
84 8 n On 


NATURAL HISTORY, 2g3z 


on the upper fide, had not at all contributed to its 
breaking. | | | 

I have a journal of above one hundred experiments 
of the ſame kind, which I made on pieces of differ- 
ent ſizes, to be aſſured of their reſpe&ive ſtrength. 
The firſt remark I made, is, that wood never 
breaks without giving notice, at leaft, if the piece 
is not very ſmall or very dry. Green wood breaks 
more difficultly than dry, and in general wood which 
has a ſpring, reſiſts much more than that which has 
not. The ſap, the branches, the tops, and all young 
wood is weaker than old: the ſtrength of the wood is 
not proportionable to its volume, a double or quadru- 
ple piece of the ſame length, is much ſtronger in pro- 
aN than another. It does not require 4000 lb. to 

reak a piece ten foot long, by four inches ſquare, 
and it requires ten to break a double piece, it requires 
26000 1b. to break a quadruple piece, i. e. a piece 
ten foot long by eight inches 2 It is the ſame 
with reſpect to L a piece of eight feet and of 
the ſame thickneſs as a piece of ſixteen feet, muſt by 
mechanical laws be juſt double, nevertheleſs it 
bears much leſs. I could give phyfical reaſons for all 
theſe circumſtances ; the wood which in the ſame ſoil 
grows 'the faſteſt, is - the ſtrongeſt : that which has 
2 the ſloweſt and whoſe annual circles, 1. e. the 
ignous coats are thin, is weaker than the other. 

[ found that the ſtrength of wood is proportionable 
to its weight, inſomuch that a piece of the ſame 
length and ſize, but heavier than another piece, will 
be likewiſe ſtronger nearly in the ſame ratio. This 
remark affords means of comparing the ſtrength of 
wood of different countries and ſoils, and infinitely 
extends the utility of my experiments; for, when we 
are employed on an importan, ſtructure, or a work of 
conſequence, we ſhall eaſily be able, by means of my 
table, and by weighing the pieces, or parts of them, 
to aſcertain the — of the wood uſed, and avoid 
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the double inconvenience of uſing too much or too 
little of this matter, which is often too. prodigall 
miſapplied and ſometimes managed with ſtill leſs 
er el ee We bg 
It might be imagined, that a piece, which, as in 
my experiments is weighed on two treſtles, ought to 
bear much lefs than a piece faſtened by the two ends 
and fixed in a wall, as are the beams and girders of 
buildings: but, if it is conſidered that a piece, which 
 ſuppole twenty-four foot long, bending fix inches in 
its middle, which is often more than is required to 
break it, raiſes at the ſame time only half an inch at 
eachend, becauſe the load draws the end out of the wall, 
often much more than it raiſes it. We ſhall perceive 
that my experiments are applied to the common pofi- 
tion of beams in a building : the power which cauſes 
them to break, by forcing them to bend in the middle 
and to raiſe them at the ends, is an hundred times 
more conſiderable than that of the plaiſter and mortar 
which eafily gives way, and I can aſſert, from proof, 
that the difference of the ſtrength of a piece placed on 
two ſupporters and free at the ends, and of that of a 
piece fixed by the two ends into a wall, is ſo trifling, 
as not to deſerve attention. $ wana! 

. | own, that by holding a piece by iron anchors, 
placed on free-ſtone.in a, good wall, confiderably in- 
creaſes its ſtrength. I have ſome experiments on this 
Dofition, of which I can give the reſults : I ſhall be- 
hes acknowledge, that if the piece was invincibly 
retained by the two ends in an inflexible and per- 
fectly hard matter, it would require an almoſt infi- 
nite power to break it; for we can demonſtrate that, 
to break a piece in ſuch a fituation, would require a 
much greater than the neceſſary power to, break a 
jece of wood upright, which is diawn or preſſed ac- 
cording. to its length, Ns Se Wn 
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In buildings the wood is loaded its whole length and 
in different points; whereas in my experiments, the 
whole load is united in one ſingle point at the middle. 
This makes a conſiderable difference, but it is eaſy to 
determine it exactly in a calculation that all builders 
who are a little verſed in mechaniim can eafily ſupply. 

To compare the effects of time on the reſiſtance of 
wood, and to diſcover how much its ſtrength dimi- 
niſhes, I choſe four pieces, eighteen foot long by ſe- 
ven inches thick; 1 broke two which bore ooo 1b; 
each during one hour; I had the other loa ed with 
6020 only, and left them thus loaded, reſolved to wait 
the event. One of theſe pieces broke at the expira- 
tion of five months and twenty-five days, and the 
other at fix months and ſeventeen days. After this 
experiment, I got two other pieces perfectly alike, 
and only loaded them 4500 lb.. I kept them thus 
loaded for two years, they did not break, but only 
beat very glows hence A Therefore, in ſtructures for 
long duration, we muſt only give half the load to 
wood which may brealvit, and it is only in ſuch preſ- 
ſing occaſions, and in ſtructutes which thould not re- 
main, as in a temporary bridge to paſs an army, or 
a ſcaffold to befiege or aflail a town, that we ma 
hazard two thirds of the weight the wood can bear. 

I do not know, whether it is neceſſary to obſerve 
here, that I rejected ſeveral pieces which had de- 
fects, and that I have not comprehended in my table 
only the experiments of which I have been fatisfied. 
I alſo refuſed more wood than I uſed; knotty croſs- 
grained and other defective wood 1s eatily per- 
ceived, but it is difficult to judge of their effect by 
relation to the ſtrength of a piece, it is certain, that 
they greatly diminiſh; and I have found a mode of eſti- 
mating nearly the diminution of ftrength cauſed b 
a knot. It is known, that a knot is a kind of adhe- 
rent peg to the internal part of the wood; we can 
even know, by the number of annual circles which 


it 
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it contains, and the depth to which it penetrates. I 
have made holes in form of cones, and of the ſame 
depth in pieces which were not knotty, and filled 
them with pegs of the ſame figure. J heſe pieces L 
broke, and diſcovered, by that how much ſtrength 

knots deprive wood of, which is much beyond what 
might be imagined. A knot, ora peg in the under 
fide, and eſpecially in one of the edges, ſometimes 
diminithes the ſtrength of the piece one fourth. I 
have alſo attempted to diſcover by many experiments 
the diminution of ſtrength cauſed by the croſs- grain of 
the wood, I am obliged to ſuppreſs the. reſults of 
thoſe proofs which take up too much room : never- 
theleſs, it is permitted me to relate- a circumſtance 
which will appear remarkable; which is, that havin 
broke ſome crooked pieces, ſuch as are uſed for ſhips, 
domes, &c. I found that they refiſted more by oppo- 
fing the weight to the concave fides ; though it might 
be thought, that by oppoſing the convex fide, as the 
piece for the vault, it would reſiſt the moſt. This 
would be the caſe with reſpect to a piece, whoſe lon- 
gitudinal fibres ſhould be naturally crooked, 1. e. a 
crooked piece whoſe grain is continued and not croſſed; 
but as the crooked pieces I made uſe of, and almoſt 
all thoſe uſed in — 2 are taken from thick 
trees, the internal part of theſe coats is much more 
croſſed than the external, and conſequently reſiſt the 
leſs, as I have found by experience. | 

It ſhould ſeem that experiments made with ſo much 
care and in ſuch great numbers ſhould leave nothing 
wanting, eſpecially in a matter ſo fimple as this; ne- 
vertheleſs I muſt. agree, and will freely own, that 
many things till remain to be found out; I ſhall only 
quote ſome. We do not know the relation of the 


longitudinal coherence of wood to the power of its 
tranſverſal union ; what force is neceſſary to break, 
and what to ſplit a piece of wood. We do not know 
the reſiſtances of wood from poſitions different from 


that 
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hat which my experiments ſupport ; poſitions never- 
theleſs et 1 in buil ings, 280 on which it 
would be very important to have certain rules. I 
ſpeak of the ſtrength of upright wood, wood inclined, 
and wood held by one of its extremities, &c. But 
by obſerving from the reſults of my labour, we ſhall 
be able to attain eafily to this knowledge which we are 
now deficient in, Let us go on with the detail of my 
experiments, | 
at firſt ſought after the denfity and weight of oak 
in its different ages, and what proportion there was 
between the weight of the wood which occupied the 
centre, that of the circumference, and alſo between 
the weight of perfect wood and that of the ſap, &c. 
M. Duhamel told me, he made ſome experiments on 
this ſubject. The ſcrupulous attention, with which 
mine have been made, gives me room to think, that 
they will agree with his. | | 
| I had a block of wood brought to me, taken from 
the foot of an oak felled the tame day, and havin 
fixed the point of a compaſs to the center of the an- 
nual circles, I deſcribed a circumference around this 
center, and afterwards having placed the point of the 
compaſs to the middle of the thickneſs of the ſapp) 
part, I deſcribed a like circle ; I afterwards too 
ſmall cylinders from this block, one from the heart of 
the oak and the other from the ſap, and having weigh- 
ed them hydroftatically and found each weighed 371 
grains; having afterwards weighed them ſeperately 
in water I only plunged them in a moment, I found 
the piece of the heart to weigh 317 grains, and the 
other 344. The ſhort time they remained in the wa- 
ter, reduced the difference of their increaſe in volume 
by the imbibition of the water, which is quite different 
in the heart of the oak and fap. 
The ſame day I made two other cylinders, one of 
the heart and the other of the ſap of the oak, taken 
gut of a tree of nearly the ſame age as the firſt. 


Theſe 
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Theſe two cylinders weighed each 1978 grains, the 

lece of the heart of oak loſt 1635 grains in water, 
and the other piece 1784. By comparing this expe- 
riment with the firſt, we found the heart of oak 
loſt in this ſecond experiment only 397, or about 371, 

inſtead of 3174, and ſo likewiſe the ſappy part {of 
330 of 371 grains, inſtead of 344, which is nearly 
the ſame proportion between the heart and ſap. The 
real difference proceeds only from the different denfit 
as well of the heart as of the ſap of the ſecond tree, 
the whole wood of which in general was more ſolid 
and harder than the wood of the firſt. 

Three days after, I took three cylinders from ano- 
ther piece of oak felled the ſame day as the preced- 
ing, one from the centre of the tree, the other from 
the circumference of the heart, and the third at the 
top; all theſe weighed 975 grains in air, and having 
weighed them in water, the wood of the center loſt 
873 grains, that of the circumference of the heart 
906, and that of the ſap 938. By comparing this 
third experiment with the two preceding, we found 
that 371 grains of the heart of the firſt oak, weigh. 
ing 317 grains and a half, 371 grains of the ſecond 
oak ought to have loft nearly 332 grains, ſo likewiſe 
371 grains of the ſap of the firſt oak loſing 344 grains, 
371 grains of the ſecond ſhould have loſt 330 grains, 
and 371 grains of the ſap of the third oak ought to 
have loſt 356 grains, which is not far diſtant from the 
firſt propoſition ; the real difference of the loſs, as 
well of the heart as of the ſap of this third oak, pro- 
ceeding from its wood being lighter and dryer than 
that of the two others. "Taking therefore the mediate 
meaſure between theſe three different pieces of oak, 
we find that 371 grains of heart, loſes 319 grains, one 
third of their weight in value, and that 3 371 grains of 
ſap loſes 343 grains of their weight. Therefore the 
volume of the heart of oak is to that of the ſap:: 
3194 : 343 and the maſſes :: 343: 3794 which makes 

about 
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about a fifteenth difference between the ſpecific 
weight of the heart and fap. - 

For the third experiment I choſe a piece of wood 
whoſe lignous coats appears pretty equal through- 
out their thickneſs, and I took off ſeven cylinders, in 
ſuch a manner that the center of my middle cylinder, 
which was taken at the circumference, of the heart, 
was equally remote from the center of the tree from 
whence I had taken my firſt cylinder of the hearr, 
and from the center of the cylinder of the fap : by that 
[ diſcovered that the weight of the wood decreaſes 
merely in an arithmetical proportion for the loſs of the 
central cylinder, being 873, and that of the ſappy cy- 
linder being 938, we ſhall find by taking of the half of 
the ſum of theſe two numbers, that the wood of the 
circumference of the heart muſt loſe go, and by ex- 
perience I find that it loſt gob ; therefore the wood 
from the center to the laſt circumference of the ſap, di- 
minithes in denfity in an arithmetical proportion. 

By trials like thoſe I have indicated, I am certain, 
of the diminution of the weight of the wood in its 
length : the wood of the foot of a tree weighed more 
than the wood of the trunk about the middle of its 
height, and that of this middle part weighed more 
than the wood of the top, and that nearly in an 
arithmetical progreſſion, as long as the tres continued 
growing. But there is a time when the central wood, 
and that of the circumference of the heart weighs 
nearly equal, and this in the time when the wood is 
in its perfection. 

Theſe experiments were made on trees ſixty years 
old, which ftill were growing, and having repeated 
them on trees of forty-tix years and on trees of thirty- 
three years, I have always found that the wood from 
the center to the circumference, and from the foot of 
the tree to the top, diminiſhes in weight nearly in an 
arithmetical progreſſion. * IM 
Mt | at 
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But, as I juſt obſerved, as ſoon as the trees ceaſe 

om growing, this proportion varies. I took three 
eylinders out of the trunk of a tree about an hundred 
years old, which weighed 2004 grains in air: that 
of the center loſt 1713 grains in water; that of the 
circumfererice of the heart, 1718 grains, and that 
of the ſap, 1779 grains. | 

By a ſecond trial, I found, that of three cylia- 
ders, taken from the trunk of a tree about 110 
years old, and which weighed 1122 grains ; that 
of the center, loſt 1602 grains in water ; that of the 
circumference of the heart, 997 grains; and that of 
the ſap, 1023 grains. This experiment proves, 


that the heart was not the moſt ſolid part of the tree: 


and it proves, at the ſame time, that the ſap is 
heavier and more ſolid in old than in young trees. 

I own, that in different climates and ſoils, it va- 
ries prodigiouſly, and that trees may be found for- 
tunately enough ſituated to grow at the age of 150 
years: theſe ak an exception to the rule ; but, in 
general, it is conſtant, that wood increaſes in weight 
to a certain age in the proportion we have eſta- 
bliſhed, and that after this age, the wood of different 
parts of the tree becomes nearly of an equal weight, 
and that it is then in its perfection; and, at length, 
on its decline, the center of the tree ſtopping growth, 
the wood of the heart dries in defect of ſufficient nu- 
triment, and becomes lighter than the wood of the 
circumference, in proportion of the depth, differ- 
ence of ſoil, and number of circumſtances which 
may prolong or ſhorten the time of the trees 
growth. 

Having by the preceding experiments diſcovered 
the different denſity of wood in the different ages 


and ſtates it is in before it arrives to perfection, I 


ſought after the difference of its ſtrength alſo in the 
like differeat ages; and, for that purpoſe, I took 


from 
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from the centers of feveral trees, all of the ſame age; 
that is, about ſixty years, many bars three feet long 


by an inch ſquare, among which I choſe four that 
were moſt perfect; they wenn, 


iſt, , 2d, 3d. 4th Bar. 


9 5 Luce ounces. Ounces 


16 is 
26% z. 2265. REN 


They broke under the weiin of 301, 289, 272, 
73303 + <= MN 


I aftetwards took ſeveral pieces of the circumfer- 
ence of the ra of the ſame length and ſquare, i. e. 


of three feet by one inch, amongſt which I choſe. 
four of the 01 perfect, which weighed, 


in. - 2d; 34 4th. 


n ounces. 5 pope 
257 . Nase. 285 


= broke under. . weight of . 258, 255, 


* ſo likewiſe, having taken four pieces * the 
ſappy . they POPs! 


1ſt. ad. 3d. . 


Ounces. - ounces. 'Qunces. Ounces 


6 
2558. 45 244.2455 


T bp broke under the weight of 248, 242, 241, 
b. 


Theſe trials made me ſuſpect, that the ſtrength of 
the wood might poſſibly be proportioned to its 
weight, which I found true, as will be ſeen in the 
courſe of this Memoir. I repeated the like experi- 


ments on two-feet bars, on others eighteen inches 
Vor- V. H h long 
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long by one inch ſquare. The reſult of theſe expe. 


riments is as follows : 


BA R S of Tivo Feet.* 


Weight. 
1ſt. V 
Ounces. Ounces. 


OUNCES. Ounces. 


Center. 175. 1684... 1682. * 16 


Circumf. 1 5551553 _ 552 
| Sap 147-1434. nhl . 145. 
Loaded with. 
Center... 430 $2 $5. 4 1 fl. ... 40G) 
Circumf. 3 $055.00. 350. .. 348. 346. 


Sap. 340. ... 334. . . 32; 3 16. 
BARS ꝙ Eigbieen Incſies. 


Weight. 
. 3d. 4th. 


ounces, 1 * OUnces. Ounces. 


* Center. 0 1355 RE 2921 355 ITT — 13 


Circumf. 1255 "ADP "WA + 1. #4329, "123. o 
32 2 2 


8 
Sap 2 ++ © 12... "TY | 12, e I 2. 
2 2 32 

Loaded with. 


11 © 0 4881 5 6% 6% 4861... —.478ʃ TYTTTY 4771. 
Sircumf. 460.461. ..443 .- 441. 
Sap 827 2 * 439. 438... 42 8... .. 428. 


* It muſt be remarked, that as the tree was pretty large, 
the wood of the circumference was much more diſtant from 
that of the center than the ſappy part. 


R 1 1 
£ Lg s 4 
* 


n 23 BARS 
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BARS of One Put. 


Weight. 
1ſt, 2d. 3d. 4th. 
Ounces {| Ounces. ounces. ounces. 


Center 2 „ . OR 29 WES 6 
N 32 32 32 32 


Circumf. . 855. J 3a ENT x 


10 2 28 
Sap 9 + „ „ „ 7. 75 e, Je ga- 


Loaded with. 
Center. 76... 7610. . 501. . 7 Il. 
Circumf. 722. ... 700... .... 693... .. 698. 
Sap. . 668... . 662... . . .. 65 1... . . . 643. 


By comparing all theſe experiments, we ſee that 
the ſtrength of wood does not very exactly follow. 
the ſame proportion as its weight ; but we always: 
find, that this weight diminiſhes, as in the firſt ex- 
periments, from the center to the circumference, 
We muſt not be aſtoniſhed, that theſe experiments 
are not ſufficient to judge exactly of the ſtrength of 
wood : for bars, taken from the center of the tree, 
are otherwiſe compoſed than the bars of the circum- 
ference, or of the ſap; and I was not long before I 
perceived, that this difference in the poſition, as well 
of the lignous coats, as of the partitions which 
unite them, muſt have great influence on the refiſt- 
ance of wood. 

I therefore more attentively examined the form 
and ſituation of the lignous coats in the different 
bars taken from the different parts of the trunk of 
the tree : I perceived, that the bars taken from rhe 
center contained a cylinder of round wood in the 
middle, and were only crooked at the edges: I per- 
ceived, that thoſe of the circumference of the coat 

tormed 
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formed planes between them almoſt parallel with a 
very ſenſible curvature, and that thofe of the fa 
were almoſt entirely parallel with no ſenfible curva- 
ture. I obſerved, beſides, that the number of the 
lignous coats varied very confiderably in different 
bars, ſo that there were ſome which contained four- 
teen in the thickneſs of an inch. I perceived alſo, 
that the poſition of theſe lignous coats, and the di- 
rection in which they are found when the bar is 
broken, muſt ſtill vary their refiſtance ; and I ſearch- 
ed after the means of juſtly knowing the proportion 
of this variation. | 

T cut from the foot of the ſame tree, at the circum- 
ference of the heart, two bars three feet long by an 
inch and a half ſquare; each of them contained 
- fourteen lignous coats almoſt parallel. The firſt 
weighed 3lb. 2 ounces 4; and the ſecond, 31b, 
24 ounces. I broke theſe two bars, by expoſing 
them in ſuch a manner, that in the firſt the lignous 
coats were found placed horizontally, and in the ſe- 
cond, vertically : I foreſaw, that this latter pofition 
muſt be advantageous ; and, in fact, the firſt broke 
under the load of 8321b. and the ſecond broke only 
under that of 972 lb. 1 

F likewiſe took many ſmall bars of an inch ſquare 
by a foot long: one of theſe bars, which weighed 


7 ounces 85 and contained twelve lignous coats 
placed horizontally, broke under 784lb. The 
other, which weighed 8 ounces, and contained alſo 


twelve lignous coats, placed vertically, broke only 
under 860l1b. 


Ok two other ſimilar bars, the firſt of which 


weighed 7 ounces, and contained eight lignous 
coats; and the ſecond, 7 ounces , and contained 
alſo eight lignous coats. The firſt, whoſe lignous 
coats were placed horrzantally, broke under 778 lb. 

| and 
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and the other, whoſe. coats were placed vertically, 
broke under 8281b, 22 

I likewiſe cut bars two feet long by one and an 
half ſquare: one of which that weighed 21b, 7 ounces 
1-16th, and contained twelve lignous coats, placed 
horizontally, broke under 12171b, and the other, 
which weighed 21b, 7 + ounces, and which con- 
tained alſo twelve lignous coats, broke under 
1294 1b, 

All theſe experiments concur to prove, that a 
bar or a girder reſiſts much more when the lignous 
coats which compoſe it are fituate pepe : 
they prove alſo, that the more lignous coats there 
are in the bars or other ſmall pieces of wood, the 
more the difference of thoſe pieces in two oppoſite 

oſitions is confiderable, But, as I was not yet ful- 
y ſatisfied in this reſpect, I made the like experi- 
ment on planks placed one againſt the other, and I 
ſhall relate them in the courſe of the work, not chu- 
ſing here to interrupt the order of the time of my la- 
bours, becauſe it is more natural to give things as 
they were done. 

The preceding experiments have ſerved me for a 
guide to thoſe which follow: they learnt me, that 
there was a great difference between the weight and 
ſtrength of the wood of the ſame tree, according as 
the wood is taken at the center or circumference of 
the tree: they pointed out to me, that the ſituation 
of the lignous coats, cauſes the reſiſtance of the 
ſame wood to vary: they taught me, that the num- 
ber of lignous coats have great influence on the 
ſtrength of wood; and from hence I diſcovered, that 
the attempts which have hitherto been made, are 
inſufficient to determine the ſtrength of wood; for 
they have all been made on ſmall pieces of an inch 
or an inch and an half ſquare; and on theſe experi- 
ments the calculation for the table we have 9 

| | or 
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for thereſiſtance of beams, rafters, and pieces of all 
fizes and lengths have been made. 

After this | primary knowledge of the ſtrength of 
wood, which are only incomplete notions, I endcea- 
voured to acquire more preciſe : I was defirous of 
aſcertaining whether two pieces of wood of the 
fame length and ſhape, but the firſt of which was 
double the thicknes, of the ſecond, the firſt was 
double the reſiſtance : for this reaſon I took ſeveral 
pieces from the ſame tree, and at the ſame diſtance 
from the center, having the ſame number of years, 
and ſituated in the ſame manner, with all the ne— 
ceſſary circumſtances to eſtabliſh a juſt compariſon, 

At the ſame diſtance from the center of the tree, 
I took: four pieces of found wood, each two inches 
ſquare by eighteen inches long: theſe broke under 
3226, 3062, 2983, and 2890lb, 1,e. under the 
mediate load of 3ogolb. I likewile took four pieces 
of ſeventeen lines, which made nearly half the ſize of 
the four firſt pieces of an inch ſquare by the ſame 
length of eighteen inches, which makes the quarter 
of the ſize of the firſt, and I found that they broke 
under 526, 517, 500, and 4961b. i. e. under 5101b, 
This experiment evinces, that the ſtrength of a 
piece is not proportional to its fize ; for theſe ſizes 
being 1, 2, 4, the loads ought to have been 510, 
1020, 2040; whereas, they are, in fact, 510, 1252, 
3040, which is very different, as has been already 
remarked by ſome authors who have written on the 
refiſtance of ſolids, 

I took likewiſe ſeveral bars of a foot, eighteen 
inches, two feet, and three feet long, to diſcover 
whether the bars of a foot would bear as much again 
as thoſe of two feet, and to be as certain whether 
the reſiſtance of the pieces diminiſhes exactly in the 
ſame ratio as their length increaſes. Bars of a foot 
will ſupport 7651b. thoſe of eightcen inches, goolb. 
thoſe of two feet, 369 lb. and thole of three tect, 

230lb, 
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2301b., This experiment, left me in doubt, becauſe 
the weights were not very different from what they 
ought to be; for, inſtead of 765, 502, 369, and 
2301b. the rule of a lever requires 765, 5104, 382, 
and 2551b., which is not diſtant enough to conclude, 
that rhe, reſiſtance of the pieces of wood does not di- 
miniſh i in the ſame ratio as their length increaſes ; 
but, on the other hand, it is far enough removed 
for us to ſuſpend, our- judgment ; and, in fact, we 
ſhall perceive, in the courſe of the work, that we 
have here reaſon to doubt of it. 

I afterwards tried what was the ſtrength of wood, 
ſuppoſing the piece unequal in its dimenſions ; for 
example, by ſuppoſing it an inch thick by an inch 
and an half broad, and by placing it onthe one and 
afterwards on the other of theſe dimenſions : for this 
purpoſe, I made four bars of the ſap, eighteen inches 
long by an inch and a half on one facies, and an 
inch on the other: theſe four, placed on an inch 
facies, ſupported 7231b. and four other perfectly 
ſimilar bars, placed on an inch and a half facies, 
ſupported 935$1b. four bars of ſound wood, placed 
on an inch facies, ſupported 775 lb. and on an inch 
and an half, 998 lb. It muſt always be remembered, 
that in theſe experiments, I took care to chuſe 
pieces of wood nearly of the ſame weight, and which 
contained the ſame number of lignous coats placed 
in the ſame direction. 

With all theſe precautions I could ſcarcely give 
myſelf ſatisfaction. I often perceived irregularities 
and variations which de-ranged the conſequences I 
wanted from my experiments, and I have above a 
thouſand accounts of defigns I made, which, never- 
theleſs, I could not derive any thing from, and 
which left me in an uncertainty in many reſpects. 
As all theſe experiments were made with pieces of 
wood of an inch to two inches ſquare, a very ſeru- 
pulous attention was neceſſary in the choice of the 


wood; 
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wood]; an almoſt perfect equality in the weight, and 
the ſame number of lignous coats; beſides which, 
there was an almoſt inevitable inconvenience from 
the obliquity of the fibres, which often rendered 
ſome of the pieces of a whole coat, and others of 
half a one, the which conſiderably diminiſhed the 
ſtrength of the bar. I ſpeak neither of knots, de- 
fects of the wood, nor the very oblique direction of 
the lignous coats; it is perceived, that all theſe 
lignous pieces were rejected without the trouble of 
putting them to a trial. At length, from the nu- 
merous experiments which I made on theſe little 
22 I could only aſcertain the reſults which I 
ave here given, and I did not think it right to 
draw general conſequences from them to form my 
tables on the reſiſtance of wood. | 
Theſe confiderations, and the regret of loſt la- 
bour, determined me to undertake experiments on 
the whole: I ſaw clearly the difficulty of the under- 
taking, but J could not reſolve on myſelf to quit it, 


and, fortunately, I have been much more ſatisficd 
therein than I at firſt expected, 


Experiment 1. e 

T cauſed an oak of three feet circumference, and 
about twenty-five feet high, to be felled : it was 
ſtrait, and without any branches to the height of 
fifteen or fixteen feet. I had it ſawed down to four- 
teen feet, in order to avoid the defects of the wood, 
cauſed by the eruption of the branches ; and after- 
ward I had this piece ſawed in the middle: each of 
theſe I had ſquared the next morning, and the en- 
ſuing day I had them reduced to four inches ſquare. 
Thef: two pieces were very ſound, and without any 
apparent knot : that which proceeded from the bot- 
tom of the tree weighed 60]b. that higher up, 561b. 
To load the firſt, twenty- nine minutes of time. was 
taken up, when it bent three inches and an half m 


the 
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the middle before it cracked: the moment it crack- 
ed, we left off loading it, and it continued to crack 
and make much noite for twenty-two minutes ; it 
bowed in its middle four inches and an half, and 
broke under the weight of 53501b. The ſecond 
piece, tz e, that which proceeded from the upper 
part, was loaded in twenty-two minutes: it bent 
vur inches fix lines in its middle before it cracked ; 
then we ceaſed loading it, and it continued cracking 
for eight minutes more, and bent fix inches fix lines 
in its middle; and broke under the load of 5275 lb. 


| Lig 124 9 T2608: 
IN the ſame ſoil, I felled another like to the firſt, 
only ſomewhat more lofty, though not ſo thick, and 
its ſtem was pretty ſtrait z many ſmall branches of 
the ſize of an inch appeared in the upper part, and 
at the height of about ſeventeen feet it divided in 
two thick branches. I had two pieces taken out of 
this tree, about eight feet long by four inches 
ſquare, ard I broke them two days afrer. The firſt, 
which proceeded from the foot of the tree, weighed 
881b. and the ſecond, taken from the upper part, 
weighed only 631b. The firſt was loaded in fifteen 
minutes; it bent in its middle three inches nine lines 
before it cracked : as ſoon as it cracked, we left off 
loading of it, and it continued cracking for ten mi- 
nutes, when it was bent eight inches in its middle, 
after which it broke with a great report under 4600lb. 
weight. The ſecond was loaded in thirteen minutes: 
it bent four inches eight lines before it cracked, and 
after the firſt report it bent eleven inches in fix mi» 
nutes, and then broke under 4500 lb. weight. 


III. Z 
THE fame day I had a third oak felled, and had 
the trunk ſawed in the middle. Two pieces were 


taken out nine feet long each by four feet ſquare: 
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that of the foot weighed '771b. and that of the top, 
15 Ib. Having put them to the trial, the firſt was 
loaded in fourteen minutes; it bent four inches ten 
lines before it cracked, and afterwards ſeven inches 
3nd an half, and then broke under the weight of 
Alb. that above the trunk, which was loaded in 
twelve minutes, bent five inches and an half, and 
cracked; afterwards it bent to nine inches, and 
broke quite through under the weight of 39501b. 

_ Theſe experiments evince, that the wood of the 
foot of a tree is heavier than the wood of the trunk: 
they ſhew us alſo, that it is ſtronger, and not ſo 
flexible as that of the top. | 


: 


| IV. 

FROM the fame quarter where I had taken the 
trees which I uſed for the preceding experiments, 
twooaks of the ſame kind, fize, and nearly ſimilar; 
their trunks were three feet round, and it was ſcarce- 
ly eleven or twelve feet bigh to the firſt branches. 
1 ſquared them both, and took from each a piece of 
ten feet long by four inches ſquare; one of theſe 
e broke under the weight of 3625 lb. and the 
econd, under that of 3600 lb. I muſt here obſerve, 
that an equal time was uſed in loading them, and 
that they ſplit in fifteen minutes: the lighteſt bent 
a little more than the other, i. e. fix inches and an 
half, and the other, five inches ten lines. 


V. | 

IN the ſame quarter I felted two more oaks of two 
feet ten and eleven inches in thickneſs, and the 
trunk about fifteen feet. From theſe I took two 
Pieces twelve feet long by four inches ſquare : the 
firſt weighed 1oolb. and the ſecond, 98 lb. The 
heavieſt broke under the weight of 30501b. and the 
other under 29251b. after having bent in their mid- 
dle, the firſt to ſeven and the ſecond to eight = ea 
3 | e 


* 
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Theſe are all the experiments which I have made 


on pieces four inches ſquare... I would not go far- 


ther than the length of twelve feet; becauſe, in com- 
mon uſe, builders and carpenters uſe very ſeldom 


only pieces of twelve feet by four inches ſquare, 
yet it never happens that they make uſe only of 


6 
- 


ieces of fourteen or fifteen. feet in length, and four 

inches in thicknels. _ {no 
By comparing the different weight of the pieces 

uſed for the above experiments, we find by the firſt, 


that the cube foot of this wood weighed 744 lb. by 


the ſecond 7 35 lb. by the third 74 1b. by the fourth 


74Z1b. and by the fifth 74 lb. which ſhews, that 


the cube foot weighed 742d, 


By comparing the different Joads on the pieces, 
with their . we find, that pieces of ſeven feet 
in length ſupported 5313 Ib. thoſe of eight feet, 
4550 lb. thoſe of nine feet, 4025 lb. thoſe of ten 
feet, 3612 Ib. and thoſe of twelve feet, 2987 lb. 
whereas, by the general rule of mechanics, thoſe of 
ſeven feet having ſupported 531 E Ib. thoſe of eight 
feet ought to have ſupported 46491b, thoſe of nine 
feet, 41211b, thoſe of ten feet, 37191b. and thoſe of 
twelve feet, 30991b. from whence it may be already 
ſuppoſed, that the ſtrength of wood decreaſes more 
than in an inverted ratio of its length. As it ap- 
peared to me important to acquire an entire certainty 
on this circumſtance, I undertook to make the fol- 
lowing experiments on pieces five inches ſquare, and 
of all lengths, from ſeven feet to twenty- eight. 


VI. | | 

AS I was conſtrained to take all the trees deſtined 
for my experiments from the ſame ſoil, I was obliged 
to confine myſelf to pieces twenty-eight feet long, 
not having been able to find more lofty oaks in that 
quar- 
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quarter; I choſe two, the trunks of each was twen · 
ty-eight feet without thick branches, and upwards 
of forty to fifty feet high; theſe oaks were nearly 
five feet round the foot. I felled them the 14th of 
March, 1740, and had them ſquared the enſuing 
morning. A piece of twenty- eight feet long by five 
inches . was taken from each tree: I examined 
them carefully in order to diſcover, if there were 
not ſome knots or defects of the wood towards the 
middle, but I found them to be very ſound. The 
firſt weighed 3641b. and the ſecond, 360 lb. I load- 
ed the heavieſt lightly. We began at fifty-five mi- 
nutes after two ; at three, it bent three inches in its 
middle, although it was not then loaded with goolb. 
at five minutes after three, it bent ſeven inches, and 
it was loaded with 10001b. at ten minutes after three, 
it bent fourteen inches under 1 5001b, weight; and, 
at laſt, at twelve or fifteen minutes after three, it 
had bent eighteen inches, and was loaded with 
18001b. at this inſtant the piece cracked violently; 
it continued cracking for fourteen minutes, and bent 
twenty-five inches ; after which it broke through 
the middle under the aforementioned weight. The 
ſecond piece was loaded in the ſame manner: we 
began at five minutes after four, and at firſt loaded 
it with zoolb. in five minutes it bent five inches; in 
the five following minutes it was loaded with 500 lb, 
more; it had bent eleven inches: in five more mi- 
nutes it bent eighteen inches, under 1500 lb. two 
minutes after, it cracked under 1750lb. when it 
had bent twenty-two inches. We then ceaſed from 
loading it : it continued cracking for fix minutes, 
and bent to twenty-eight inches before it broke en- 
tirely under the above load, | 


Ws 1 * 
AS the heavieſt of the two preceding picces had 
broke right in the middle, and as the wood was nei- 
- ther 


NATURAL HISTORY. 253 
ther cracked nor ſplit in the adjoining parts of the 
fracture, I thought that the two pieces of this bro- 
ken one might ſerve for experiments on the length 
of fourteen feet: I foreſaw, that the upper part of 
this piece weighed leſs, and broke eaſier, than the 
other which proceeded from the inferior part of. the 
trunk; but, at the ſame time, I perceived, that by. 
taking the mediate term between the reſiſtance of 
theſe two pieces, I ſhould have a reſult, which would 
not be far diſtant from the real reſiſtance of a piece 
of fourteen feet, taken from a tree about this 
height. I therefore had the remainder of the fibres, 
which ſtill united the two parts, ſawed; that which 
came from the foot of the tree weighed. 185 1b. and 
that from the top, 178Zlb. the firſt was loaded with 
a thouſand weight during the firſt five minutes; it 
did not bend perceptibly under this load: we added 
a ſecond thouſand weight during the five following 
minutes; this weight bent it an inch in its middle: 
a third thouſand, put on in another five minutes, 
bent it two inches; a fourth, bent it three inches 
and an half; and a fifth, to five inches and an half. 
We were going to continue loading it; but, after 
having added 250l1b. to five thouſand. weight, it 
made a report; we then diſcontinued loading it, and 
the piece bent as far as ten inches in its middle, be- 
fore it entirely broke under 5230 lb. weight: it had 
ſupported all this weight for forty-one minutes. 

We loaded the ſecond piece as we had done the 
firſt, i. e. a thouſand weight every five minutes. 
The firſt thouſand weight bent it three lines; the ſe- 
cond, one inch four lines; the third, three inches; 
the fourth, five inches nine lines: we loaded the 
fifth thouſand, when the piece made a report all at 
once under 4650 lb. weight, it had bent eight 
inches; after this firſt report, we ceaſed from load- 
jog it; the piece continued cracking for half an 

| hour, 
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hour, and bent thirteen inches before it entirely 
broke under 46501b. "F 

There are a great number of the like experiments, 
but as it might be looked on as tautology to repeat 
them, and as they are all performed partly in the 
ſame mode only with reſpect to their different fizes, 
lengths and thickneſſes ; we ſhall not tire the reader 
with a tedious detail of them, as he will find them all 
tepeated under a general view in the following tables. 


1 A. 1 0 2 * edit. 
— — —— 


TABLE Of EXPERIMENTS, 
On the STRExGTH of Wood, 
| FIRST TABLE, 
For Pieces of Four Inches Square. 
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| break; 
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SECOND TABLE. 


For Pieces Four Inches Square. 


| Time fro 
ET Loaded — th 
Pizcss with afar dy ares 
" 14 ig: leds 
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THIRD TABLE, 


128. #19250. 
7 4 925 


8. 1 149 «15700 
"C140. 13380. 
34 1 166 . . 13450 
9** 2 1644 12850 


188 . 11475 . 
- ih ; 186. ./11025 , 


1 . $224 « | 9200 
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Fer Pieces Six Inches Square. 

. DS * | Tire from 1 

Length of, Weight of the firſt re Mea ſure © 
© I ͤ Loaded [ports to theſthe curva- 

| Pics. | Pires. with {moment ofjture before 
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(1) We have not been able to obſerve the quantity of pieces 
of ſeven inches bent in the middle by reaſon of the thicknels 


of the iron; | 
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FOURTH TABLE. 


For Pieces Seven Inches Square. 


—_— ** 
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FIFTH TABLE. 
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For Tight Inches abt 
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SIX TH TABLE. 
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Compariſon of the reſiſtance of wood, from the preceding Ex- 
riments, and of the refiſtance of wood according to the rule of 
this reſiſtance, being as the breadth of the piece, multiplied by 


the ** of the height, 2 81 the zn. N 
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N of : 
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he aſteriſks mark that the experiments have not been made, 
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[3 mon zan! 9211 7 n 
An eaſy Mode to augment tbe Solidity, Strength, and 
b Duration of WO OD. 
F this purpoſe, it is only requiſite to ſtrip the 

tree of its bark from top to bottom during the 
time of its pith, and to ſuffer it to dry before it is 
felled. This preparation requires but very little ex- 
pence. We ſhall point out the valuable advantages 
which accrue from it, | 

Matters as fimple and as eaſy to be found out as 
this, have generally but a flight appearance in the eyes 
of phyſicians ; but their utility is ſufficient to render 
them worthy of being made public; and perhaps 
the perſpicuity and care which I joined to my re- 
ſcarches, will make them meet with a favourable 
reception with thoſe even, whoſe bad taſte will only 
permit them to eſteem a diſeovery which has coſt 
much trouble and time. Town, that I am ſurprized 
to find myſelf the firſt to announce this, eſpecially 
ſince I have read what Vitruvius and Evelyn relates. 
The firſt informs us, in his Architecture, that be- 
fore trees are felled, they ſhould be tapt at the 
root, into the heart of the wood, and thus ſuffer 
them to dry ſtanding, after which they are much 
better for ſervice. The ſecond relates, in his Trea- 
tiſe on Foreſts, that Dr. Plot afferts, in his Natural 
Hiſtory, that in Haffon in England, large trees are 
ſtripped of their, bark ſtanding about the time of 
their pith, and ſuffered to dry till the following year, 
when they are cut down: that they only ſuffer the tree 
to live thus ſtripped of its bark, that the wood ma 
become harder, and that they make uſe of the ſappy 
part as well as of the heart. Theſe circumſtances 
are pretty exact, and related by authors of ſuch great 
credit, as to have gained. them the name of-phyſi- 
clans, and even of architects: but there is all the 
reaſon imaginable to think, that, beſides the negli- 


gence 


262 NATURAL HISTORY: 


gence which has hitherto prevented them from af- & 
turing themſelves of the truth of "theſe circum- 
ſtances, the fear of counteracting the foreſt laws, 
has retarded their curiofity. It is prohibited, 
under pain of great penalties, to ſtrip a tree of its 
bark and to ſuffer it to dry ſtanding. This prohibi- 
tion, which, in other reſpects, is well founded, has 
occaſioned à contrary prejudice, which, without 
doubt, has occaſioned what we have related to be re- 
garded as falſe and hazardous; and I ſhould myſelf 
ſtill remain in ignorance, in this reſpect, if the at- 
tention the Count de Maurepas gives to the ſciences, 
had not procured me the liberty of making my ex- 
periments without fearing to pay too dear for them. 
In a wood newly felled, and in which I reſerved 
ſome beautiful trees, the 3d of May, 1773, Iſtripped 
four oaks, thirty or forty feet high each, of their 
bark. Theſe trees were all four very vigorous, with 
much pith, and about ſeventy years old. I ſtrip- 
ped the bark from the ſummit to the root of the 
tree, This operation is eaſy, the bark ſeperat- 
ing very readily from the body of the tree in 
the time of the pith. Theſe oaks were of the com- 
mon kind, which bear the largeſt acorns. When 
they were entirely tripped of their bark, I felled 
tour more oaks of the ſame kind, in the ſame ſoil, 
and as like the firſt as I could meet with them. My 
deſign was to ftrip fix more of their bark the ſame 
day, and to fell fix more; but I could not finiſh 
this operation till the next morning. Of theſe fix 
oaks, only two were found to have leſs ſap than the 
other four. I had theſe fix trees dried in their bark 
till J wanted them, in order to compare them with 
thoſe I had ſtripped. As I imagined, that this ope- 
ration had done them great injury, and would pro- 
duce a great alteration, I went feveral days ſucceſ- 
ſively, to inſpect them narrowly ; but I perceived 
no ſenſible alteration for upwards of two months: at 


length, 
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length, on the 10th of. July, one of, the oaks, which 
had leaſt, ſap when tripped, ſhewed ſore ſymptoms 
of the diſeaſe which would ſoon deftroy it. Its leaves 
began to fade on one ſide, and ſoon grew wholly 
yellow, dry, and began to fall off; ſo that by the 
6th of Auguſt there was not one left. I had it 
felled the zoth bf the ſame month, while, I was pre- 
ſent: it was grown ſo hard, that the hatchet diffi- 
cultly entered it and broke: the ſappy part appeared 
to be harder than the heart of the wood, which was 
ſtill moiſt and full of pittugngg £9907 

That tree, which in the time of ſtripping off the 
bark, was no more pithy than the preceding, did not 
fail to follow it: its leaves began to change colour 
the 13th of July, and was entirely naked before the 
oth of September. As I was fearful I had ſelled 
the firſt too ſoon, and that the humidity which 1 
had remarked therein, indicated ſtill ſome remains 
of life, I reſerved that, to ſee whether it-would ſhoot 
out any leaves the ſucceeding ſpring. 

My. four other, oaks vigorouſly held out, nor 
quitted their leaves till within a {ew days of the 
cuſtomary time; and even one of the four, whoſe 
head was light and but little loaded with branches, 
only quitted them at the exact time of their natural 
fall: but I remarked, that the leaves, and even 
. of the whole four, were dried many days be- 
ore. non Þ 
In the enſuing ſpring, all theſe trees did not re- 
main till the cuſtomary time for the developement of 
the leaves: they were green eight or ten days before 
the ſeaſon. I foreſaw all what this effort muſt coſt 
them. I obſerved the leaves, their growth was very 
quick, but preſently ſtopped for want of ſu cient 
nutriment ; ,nevertheleſs, they lived; but the tree 
which the preceding year was ſtripped the firit, alſo 
felt the firſt all the effect of ination and dryneſs to 
which it was rcduced ; the leaves faded ſoon, and 


fell 
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fell in July, 1734. L had theſe felled the zoth of 

i. e. I judged that it was at leaſt as abt as 

the other, and much harder in the heart of the 

wood, which was ſcarcely moiſt. ] e am 
the lat, in order to compare them. 

Three of the four remaining trees quitted thei 
leaves the beginning of September; but the oak with 
a light head, retained them longer, and did not en- 
tirely part with them till the 22d of the ſame 
month : I reſerved them for the following year, with. 
three others which appeared to me the leaſt diſor- 
dered; and had two of the weakeſt felled in October 
1734. I expoſed two of theſe trees to the injuries of 
weather and time, and placed them by the others: 


they reſiſted greatly the . and the heart of the 
wood was almoſt dry. : 

In the ſpring, 1735, the moſt vigorous of my 
two remaining trees afforded till ſome figns of Res 
the buds ſwelled, but the leaves could not develo | 
the ether appeared perfectly dead. In fact, — 
felled them in May, I perceived, that there was no 
more radical moiſture, and I found them to be very 
hard, as well outwardly as inwardly, I felled the 
laſt forme time after, and placed it by the others, to 
ſubmit it to a new trial. 

In order the better to compare the wood' of trees 
ſtripped of their bark, with that of common wood, I 
took care to put cheſe ſix oakswith an oak with its bark 
on, nearly of the ſame ſize; for I had already diſcover- 
ed by experience, that the wood of a tree of a certain 
fize, was heavier and ſtronger than the wood of a 
ſmaller, although of theſameage. I cauſedall my trees 
to be ſawed into pieces fourteen feet long: I marked 
the centers above and below: at the ends of each 

piece, I had a ſquare of fix inches and an half ſawed, 
and 1 had the four ſides ſawed off; ſo that there 
only remained of each of theſe pieces, a joiſt four-' 
| | | reen 
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teen feet long by ſix inches ſquare. I had them care- 
fully ax Lo to this proportion in their whole 
leagth, and broke four of each kind, in order to 
diſcover their ſtrength, and to be well aflured of the 
great difference which I at firſt found. 

The piece taken from the body of the tree without 
bark, which had periſhed. the firſt, weighed 2421b. 
it was the weakeſt of all, and broke under 7940 lb. 

That of the tree in bark, which I compared with 
it, weighed 2341b. and broke under 7320lb. 
That of the ſecond tree without bark, weighed 
240 lb. it bent more than the firſt, and broke under 
3362 b. 4 
That of the tree in bark, which I compared with 
it, weighed 236 lb. it broke under 7383 lb. 90 

That of the tree without bark, expoſed to the wea- 
ther, weighed 258 lb. it bent Rill more than. the ſe+ 
cond, and did not break before it was loaded with 
89261b. 

That of the tree in x bark, Which ! compared with 
it, weighed 239 lb. and broke under 14201b. 

At length, that of. the tree with a light, head, 
which I judged the beſt, weighed, in 9 263 1b. 
and bore, before it broke, g0461b. | 

The tree which I compared with it, weighed 
238 lb. and broke under 7 5001b. 

The two other trees without bark, were found de- 
fective in their middle. there being ſome knots; ſo 
that I would not have them broken. But the above 
trials are ſufficient to ſhew, that wood ſtripped of its 
bark, and dried ſtanding, is always . heavier, and. 
conſiderably ſtronger, than wood kept in its bark: 
what I am going to relate will leave no doubt 
thereon. 

From the top of the trunk of the tree without 
bark, and left to the injuries of the weather, I hada 
piece taken our fix feet long and five inches ſquare : 
on one of the fides, there was a ſmall knot which pe- 

Vor. *. LI netrated 
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netrated ſcarcely half an inch; and, on the oppoſite 
fide, a ſpot of an inch broad, of a browner wood than 
| the reſt. As theſe defects did not appear confidera- 
ble, 1 weighed and loaded them; it weighed 751b. 
it was loaded in one hour five minutes, with 8 zoolb. 
after which it cracked very violently : I thought it 
would have broke ſome time after it cracked, as it 
always happened ; but, having patiently waited 
three hours, and ſeeing that it neither bowed nor, 
bent, I continued to load it; and, in another hour, 
it broke, after having cred for half an hour, un- 
der the weight of 127451b. I have only related 
this trial, to ſhew, that this piece of timber would 
have dortie more, if it had not been for me little de- 
fects it had in two of its ſides. 

A ſimilar piece of timber, taken from one of the 
trees with its bark on, weighed only 72 Ib. it was 
very ſound, and we loaded it in one hour thirty- 
eight minutes, after which it cracked very flightly, 
and continued cracking for three hours, where 1t 
broke under 11 7881b. 

This experiment is very advantageous, for it 
proves, that the wood above the trunk of a tree 
ſtripped of its bark, even with conſiderable defects, 
1s heavier and ſtronger than the wood taken from the 
toot of another tree not ſtripped, which has otherwiſe 
no defect; but the following is ſtill more favourable. 

From the ſappy part of one of my trees ſtripped of 
its bark, I took many bars, three fect long by one 
inch ſquare ; ; among which I choſe five of the moſt 
perfect, in order to break them: the firſt weighed 


2.3 ounces * and broke under 287 lb. the fecond 
weighed 23 ounces = and broke under 291£4Ib. the 
third weighed 23 ounces - , 177 broke under 27 5lb. 
the fourth weighed 23 ounces 2 = 23 and broke under 


291 lb. and the fifth weighed 23 ounces - „ and 
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broke under 29131b, The mean weight is nearly 
2. 30unces , and the mean load is nearly 2871b. 


Having made the ſame trials on many bars of the 
ſappy part of one of the trees with bark, the mean 
weight was found to be 23 ounces =, and the mean 


load 2481b, and afterwards, having alſo done the 
fame thing on many bars of the heart of the ſame 
oak in bark, the mean weight was found to be 


2 5 ounces 25 and the mean load 2 56 lb. 


This proves, that the ſappy part of the wood 
without bark is not only ſtronger than the common, 
but even much more ſo than the heart of an oak 
in bark, although leſs heavy. I mutt not here for- 
gct to remark, that I obſerved in all theſe trials, that 
the external part of the ſap was that which reſiſted 
the molt; fo that it conſtantly required a greater 
load to break a bar of the ſappy part, taken from the 
laſt circumference of the tree {tripped of its bark, 
than to break a like bar from within. This is en- 
tirely contrary to what happens in trees treated in 
the common mode, the wood of which 1s lighter and 
weaker, in proportion as it is nigher the circum- 
ference. I determined the proportion of this dimi- 
nution, by weighing, hydroſtatically, pieces from the 
center of trees, pieces from the circumference of 
ſolid wood, and pieces from the ſappy part: but 
this is not the place to relate this matter; I ſhall, 
therefore, content myſelf with obſerving, that in trees 
ſtripped of their bark, the diminution of the ſolidity 
of the center of the tree to the circumference, is' 
not by far ſo ſenſible, nor is it fo at all in the ſappy 
art. 
. The experiments J have related are too numerous 
to allow of a doubt of the fact they tend to eſtabliſh: 
it is, therefore, very certain, that the wood of trees 
&ripped of their bark, and dried ſtanding, is harder, 
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more ſolid, heavier, and ſtronger, than that of trees 
felled in their bark; and from hence, I think, it 
may be concluded, that it is alſo more durable, 
Immediate experiments on the duration of wood 
would be ſtill more conclufiye ; but our own dura- 
tion is ſo ſhort, that it is not reaſonable to at- 
tempt them: the brevity of our life ſeems to-deprive 
us entirely of a great number of important truths z 
and we muſt leave to poſterity experiments al- 
ready begun, they will treat of them better than 
we have done; for the few phyfical traditions 
which our anceſtors have left us, become uſeleſs for 
want of exactneſs, or from the little knowledge of 
authors, and the more from the hazardous circum- 
ſtances, which they have not been aſhamed of tranſ< 
mitting to us. * 
The phyſical cauſe of this augmentation of ſoli- 
dity and ſtrength of wood deprived of its bark ſtand- 
ing, offers of itſelf. It is ſufficient to know, that 
trees increaſe in ſize by additional coats of neu 
wood, which is formed from the ſap between the 
bark and the old wood. Our trees ſtripped of their 
bark, forms none of theſe new coats; and although 
they live after the bark is taken off, yet they do not 
grow. The ſubſtance deſtined to form the new 
wood, finding itſelf, therefore, ſtopped and obliged 
to fix in all the void places of the ſappy part, and 
even of the heart of the tree, which neceſſarily aug- 
ments the ſolidity, and muſt, conſequently, aug- 
ment the ſtrength of the wood; for I have found, 
by many trials, that the heavieſt wood 15 allo the 
ſtrongeſt. 

I do not think the explanation of this effect has 
need of being longer dwelt upon, but by reaſon of 
ſome particular circumſtances which remain to be 
underſtood, I ſhall give the reſult of ſome other ex- 
periments which have a relation with this matter. 
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The eighteenth of December I raiſed the bark 
three inches from about three feet above the ground, 
from many oaks of different ages, ſo that the 
fappy part appeared naked: by this means J inter- 
cepted the ſap, which would have paſſed the bark 
to the wood: nevertheleſs, in the enſuing ſpring, 
theſe trees ſhot forth leaves like the reſt, nor did I 
find any thing remarkable till the 22d of May. I 
then perceived ſmall rolls about a line above the 
incifion, which came from between the bark and 
the ſap of theſe trees, Below the incifion nothing 

appeared: in ſummer, theſe rolls increaſed an inc 

deſcending. and fixed themſelves on the ſap. The 
young trees formed rolls more extended than the 
old, and all preferved their leaves, which did not 
fall off at the uſual time. In the enſuing ſpring they 
re- appeared a little before thoſe of the other trees; 
I thought to have ſeen the rolls ſwell ſomewhat, but 
they did not extend at all: the leaves reſiſted the 
heat of ſummer, and fell off but a few days before 
the reſt. In the third ſpring, the trees were again 
adorned with verdure and advanced before the reſt, 
but the youngeſt, or rather the ſmalleſt, did not re- 
main logg : the largeſt trees did not loſe their leaves 
till Autumn, and I have had two which had ſome 
after the fourth ſpring ; but moſt have died in the 
third or in the fourth year. I tried the ſtrength of 
the wood of theſe trees, it appeared to be greater 
than that of the wood felled in common, but the 
difference which in wood entirely deprived of 'its 
bark is more than a fourth, is not by far ſo conſi- 
derable here, and even 1s not ſtriking enough for me 
to relate the trials I made on this ſubje& : and, in 
fact, theſe trees had not ceaſed growing above the 
inciſion. There was only an expanſion of the liber 
formed between the wood and the bark; fo, the ſap, 
which in trees entirely ſtript of their bark, finding 
itſelf obliged to fix in the pores of the wood, and to 
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increaſe the ſolidity, follows its uſual road and only 
depoſits a ſmall part of its ſubſtance in the internal 
part of the tree; the remainder was uſed for the for- 
mation of this unfruitful wood, whoſe rolls made 
the appendix and nutriment of the bark, which 
lived as long as the tree itſelf. Below the inciſion 
the bark lived alſo, but it formed neither rolls nor 
new wood, the action of the leaves and the upper 
Parts of the tree pump up the {ap too powerfully for 
it to be carried towards the bark of the lower part; 
and I imagine, that this bark. of the foot of the 
tree, rather drew its nutriment from the humi- 
dity of the air than from that of the ſap, which the 
veſſels of the ſappy part might furniſh it with. 

I made the like trials on ſeveral kinds of fruit 
trees; it is a certain means of haſtening this produc- 
tion; they bloſſom ſometimes three weeks before 
the reſt, and give early and pretty good fruit the firſt 
year. I have even had pears, the bark of the tree of 
which I have not only ſtripped but alſo the ſappy part, 
and thoſe premature fruit were as good as the others. 
I have alſo ſtript apple-trees of their bark from top 
to bottom; this operation killed the youngeſt of 
theſe trees the firſt year, but the larger have often 
withſtood two or three ycars. Before the ſeaſon 
came on, they were covered with a prodigious quan- 
tity of bloſſoms, but the fruit which ſucceeded did 
not come to maturity, nor to a conſidetable ſize. I 
alſo endeavoured to re-eſtabliſn the bark of trees, 
which is but too often raiſed off by different acci- 
dents, and 1 did not labour unſucceſsfully ; but this 
matter is quite different from that we make trial of, 
and requires a particular detail. I made uſe of the 
ideas which theſe experiments gave birth to. 

I made the firſt eſſay on a quince tree, the third 
of April, I raiſed up the bark of two branches of this 
tree ſpirally, theſe afforded fruit, the reſt of the tree 
ſhooted out very ſtrongly and remained ſterile; in- 
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ſtead of raiſing up the bark, I have ſometimes bound 
the branch or trunk of the tree with a {mall cord or 
piece of flax, the effect was the ſame, and I had the 
pleaſure of gathering fruit from theſe ſterile trees for 
a long time. The tree enlarging, did not break the 
band which bound it, it only formed two rolls the 
thickeſt above and the leaſt below the packthread, 
and often after the firſt or ſecond year, it was found 
covered and incorporated to the ſubſtance of the tree 
itſelf, 

In whatever manner therefore the ſap is intercept- 
ed, we are certain of haſtening the production of 
trees, eſpecially the blowing of flowers and the pro- 
ductions of fruit. I ſhall not give the explanation 
of this ſubject, we ſhall meet with it in the vegetable 
ſtatues. This interception of the ſap alſo hardens 
the wood, in whatever manner it is made, and the 
greater it is, the harder the wood hecomes. In trees 
entirely deprived of their bark, the ſappy part be- 
comes not ſo hard, as being more porous than the 
ſolid wood; it attracts the ſap with more ſtrength 
and in a greater quantity, the external ſappy part of 
the tree pumps it up more powerfully than the in- 
ternal. The whole body of the tree attracts it until 
the capillary tubes are found to be full and obſtruct- 
ed. It requires a greater quantity of the fixed parts 
of the ſap, to fill the capacity of the large pores of 
the thickeſt part of the tree, than to occupy the lit- 
_ tle interſtices of ſolid wood, but the whole is filled 
nearly alike, and it is this, which is the cauſe of the 
diminution of the weight and ſtrength of the wood 
in theſe trees, from the center to the circumference, 
is much leſs conſiderable than in trees cloathed with 
their bark ; and this at the ſame time proves, that 
the ſappy part of theſe trees ſtript of their bark muſt 
not be looked upon as an imperfect wood, ſince it 
has acquired in a year or two, by being ſtript, the 
ſolidity and ſtrength which otherwiſe it would not 
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have acquired under twelve or fifteen years: for it 
requires nearly this time in the beſt ſoil, to transform 
the ſappy part in wood. It will not, therefore, be 
neceſſary to retrench the ſappy part, as has till 
hitherto been done; and to reject it, we ſhall 
make uſe of trees of all ſizes, ſince often we have 
found pieces in a foot of a tree, from which we 
could take only two. A tree forty years old, might 
ſerve for every uſe to which we put a tree of fixty 
years: in one word, this caſy practice gives the 
double advantage of not only increaſing the ſtrength 
and ſolidity, but likewiſe the volume of wood. 
But it will be ſaid, why has government prohi- 
bited the ſtripping trees of their bark with ſuch great 
ſeverity > Would there not be ſome inconvenience 
in permitting of it, and does not this operation 
cauſe them to periſh ? It is true, an injury is done; 
but this injury is much leſs than is imagined; and 
befides, it acts only on the young, and is only per- 
ceptible in underwood. The views of government 
are juſt in this reſpect, and its ſeverity is prudent. 
Timber merchants ſtrip young oaks in their young 
ſtate to ſell the bark for tanning leather, which is the 
ſole motive of ſtripping them of their bark. As it 
is more eaſy to ſtrip off the bark when the tree is 
ſtanding, than when felled, and that in this man- 
ner fewer workmen may make the ſame quantity of 
bark, and the cuſtom of ſtripping the bark from the 
tree while ſtanding would be re-eſtabliſhed without 
the rigour of laws. Now, for a very trifling ad- 
vantage, for a mode ſomewhat cheaper to ſtrip the 
bark, we greatly injure the trees. In a quarter where 
I ſtripped off the bark, and dried the wood ſtanding, 
I reckoned many which no longer ſhot forth, and 
a number of others which ſhot forth weaker than the 
2 kind; their weakneſs was even leſs durable: 
r, after three or four years, I have ſeen their 


ſhoots ſcarcely equal the height of common ſhoots of: 
el the 
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the ſame age. The prohibition of barking the tree 
when ſtanding is there founded upon reaſan, it is 
only requiſite to make a few exceptions to this too 
general rule, . 

It is quite otherwiſe with reſpect to lofty trees than 
with the underwood, we ſhould ſuffer the firſt and all 
uſeful trees to be barked ; for we know that felled 
trees repel ſcarcely at all ; that the older a tree is 
when felled, the leſs its exhauſted ſhoot can pro- 
duce; and ſo whether it is barked or not, theſhoot of a 
uſeful tree will produce but little, when we ſhall have 
waited till the trees are aged before they are felled. 
With reſpect to trees of a moderate age, which ge- 
nerally leave the power of re-production to their 
ſhoots, the barking does not deſtroy it : for, having 
obſerved the ſhoots of my fix trees which were bark- 
ed and dried ſtanding, I bad the pleaſure to ſee four 
of them ſpring out well, while the other two ſhot 
forth but very weakly ; and theſe two, were thoſe 
which, in the time of barking, were leſs in ſap than 
the reſt. Three years after barking, all theſe ſhoots 
were three or four feet high, and I make no doubt 
but that they would have been much higher if the 
ſhoots which ſurrounded them, did not deprive them 
of the influence of the air, ſo neceſſary to the growth 
of all plants. 

This barking does not ſo much injury to the ſhoots 
as might be thought: this fear, therefore, muſt not 
prevent the eſtabliſhment of this eaſy and very ad- 
vantageous cuſtom : but we muſt reſtrain it to trees 
deſtined for ſervice, and chuſe the fix trees of the 
greateſt ſap to perform this operation ; for then the 
| canals are more open, the ſtrength of ſuction greater, 
the liquors flow more eaſily, paſs more freely, and, 
conſequently, the capillary tubes preſerve their power 
of attraction longer, and all the canals do not cloſe 
till a long time after barking ; whereas, 1n trees 
barked before the ſap, the road for the liquors not 
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finding itſelf rubbed, and the moſt common road 
finding itſelf broken before it has been made uſe of, 
the ſap cannot ſo eaſily obtain a paſſage, the greateſt 
part of the canals do not open to receive it, its ac- 
tion to penetrate is impotent, and theſe tubes cut off 
from all nutriment,are obſtructed by defect of tenſion: 
the others never open ſo much as they would do in 
the natural ſtate of the tree, and at the arrival of the 
ſap, they preſent only {mall orifices, which, in fact, 
muſt pump up with great ſtrength ; but which muſt 
always be rather filled and obſtructed, than the 
open and diſtended tubes of the trees which the ſap 
has moiſtened, and prepared before barking. This 
is the reaſon, that in our experiments, the two trees 
which were not ſo much in ſap as the reſt, periſhed 
the firſt, and that their ſuccours had not the power 
of re- production; we muſt, therefore, wait for the 
time of the greateſt ſap to bark trees. We ſhall 
alſo, by this attention, gain a very great facility to 
perform this operation, which in no other time 
would not be ſo long, and which, in this ſeaſon of 
the ſap, becomes a very ſmall work, fince one man 
alone on the top of a high tree, may bark it from 
top to the bottom in leſs than two hours. 

I have not had occaſion to make the ſame trials 
on other woods as on the oak; but, I do not doubt 
the barking and drying when ſtanding, renders all 
wood more compact and cloſe ; ſo that I think we 
cannot too greatly extend and recommend this prac- 
tice. 
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ARK TC EE N 


EXPERIMENTS on the drying of WOOD ix Arr, 
and on its Juebibition in WATER. 


EXPERIMENT I. 
To know the Time and Gradation of Drying. 


HE 22d of May, 1773, I felled an oak about 
ninety years old; I had it ſawed and ſquared 

on the ſpot ; and cut out a block in form of a pa- 
ralleliped of fourteen inches two lines and an half 
half high, eight inches two lines thick, and nine 
inches five lines broad : I was reduced to theſe pro- 
portions, becauſe I would not make uſe of the per- 
fect wood, called the Heart, and from which I had 
exactly taken up tlic ſappy part of white wood. 
1his piece of the heart weighed at firſt 451b. 10 


ounces, which comes nearly to 721b. 3 ounces the 
cube foot. 


TABLE. of the drying of this Piece ef Wood. 


—— — dui 
— VG ns ems "i — 


pony MoxTuS ne Years, Morus, and Days. „ 

| W b. o z 
1733. May 23.45. 10 [1733. Sept. 260 . J36. 1 
24.45 1 OG. 20; ary 3 

25.44. 10 Nov. 3, dry 35. 44 

20. 44. 5 17, rain « 35. 4 

25.4. ry INT: 1-0; 4464 

28. (43: 11%, 15, froſt . 35. 3 

296143. 7111 29, moiſt « 35. 34 

30.143. 4 11734. Jan. 12, variable 35. 31 

June 2.142. 11 26, froſt. 35. 11 

6.146. 1 Feb. q, rain » 36. 14 

10. A b. 6 23, windy 35. 2 

14.40. 14 Mar. q, temperate 34. 154 

18.140. 7 23, rain. 34. 153 

20.139. 15 April 26. J34. 10 

July 4.39. 8 T » «04.9 
16.138. 12 | J..... « '» 13%. 14 

26.133. 6 „ +. $4.09 

| Aug. 26.37. 3 Aug. 20 33. | 
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Yzars, Morus, and WIr Yzans, MoxTus, and Wezrturh 
Davry. of Wood. Days: of Wood. 


—_— | 1 


py n Id. 02. 
1734. September 26. 32. 11 775. November. 26.32. 3 
October . . 26. 32. 7 December . 26.32. 53 
November 26.132. 11 736. February . 26.32. 1 
December. 26. 32. 123 F 
1735. January , 26. 32. 12 Auguſt . . 26.31. 1 
February. 26. 32. 122737. February . 26.3 1.1 
March . . 26. 32. 13 738. Ditto . . 27.131. 
April. , . 26. 32. 8 739. Ditto . . 26.31. 
May . . 26. 32. 7 740. Ditto. . 25.31. 
June . . . 26. 32. 6 741. Ditto . . 26.3 1. 
=... , 26/32. 4 $94;. Ditto .., . 26.31. 
Auguſt , . 26. 32. 4 743. Ditto . . 26.131, 
September 26. 32. 2744. Ditto . , . 26.3 r. 
October . 26. $2 | 


— 2 


N 


2 


2 


PI 


mM = mw arm n 0 w 
+ — 


This table, as we ſee, contains the quantity and 
proportion of drying for ten years. After the ſe— 
venth year, the dryneſs was complete. This piece 
of wood, which at firſt weighed 45 lb. 10 ounces and 
an half: loſt in drying 141b. 8 ounces, i. e. even a 
third of its weight. It may be remarked, that it 
required feven years for its camplete drying ; but 
that in eleven days it was a quarter dry, and in two 
months almoſt half dry; ſince on the 2d of June it 
had loſt 31b. 9g ounces, and on the 20th of July, 
1733, it had loſt 7 Ib. 4 ounces, and at laſt it was 
three quarters dry in ten months. We muſt alſo 
obſerve, that as ſoon as this piece was about twa 
thirds dry, it retook as much and even more humi— 
dity than it exhaled, 


EXPERIMENT II. 
To compare the Time and Gradation of Dryneſs. 


HE 22d of May, 1734, from the ſame tree, I 

. had ſawed a block, from which I took a 
piece perfectly like the firſt, and exactly reduced to 
the ſame dimenſions. 'I'his trunk of the tree was 
expoſed 
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expoſed to the weather a year : it was left in its bark, 
and to prevent its decay ing, care was taken to turn 
the trunk from time to time. This ſecond piece of 
wood was rather a little above the firſt, 


TABLE of the drying of this Piece. 


| "Is * 3D WzicurſYzans, Monts, Wiienr 
YEARS, Moxrus, and VATS. of Wood. and Davs. ſof Wood. 
id. oz. Id. oz | 

$734. May 23, at 8 o'clock m.|42. 8 735. Jan, 26.135. 24 
24, to 8 m. 432. Feb. 26.35 1 
24, to 8 eve. 4, 133 Mar. 26.3 5. 3 

26, to 8 m. 41. 10! April 26.134. 11 

26, ditto Þ. . 64 May 20.134. 5 

2$59- „ June 26.134. 1 

56-8 » (40. 15 July 26.]33. 11 

39. 36.9 » 140. 13 Aug. 26.133. 25 

. 40. 117 Sept. 26.32. 14 
. 40. 74 Oct. 26.132. 141 
33 40. 1 Nov. 26.132. 154 

. 139. 101 Dec. 26.133. 3 
„ 39. 1.1736. Feb. 26.132, 13 

| G 5 39. 14 May 26.132. 6 
86 ©<. + „ Aug. 26.32. 4 

July 4 97. 163491737. Feb. 6. | 

IH < I © 2735. ditto as; 205 

266 . . +» [37+ 3217739. ditto 26.3 1. 104 

Aug. 26 «. - . +» 139. 6740. ditto 26.31. 8 

Sept. 5 ) JE MIS Ones 26/33, 6 

Ot. 26 , 6% ditto aboler. © 
Nov. .26 , J, 3401745. ditto 86.131. af 
Dec. 26 , . . + 135. 434: 744- ditto 26.31. 4 | 


By comparing the preceding table with the firſt, 
we find, that in one year the wood in the rough was 
no drier than the wood which was worked was in 
eleven days. We likewiſe ſee, that it required eight 
years for the whole drying of this piece of wood 
which had been preſerved in its bark for a year; 
whereas, the wood worked at firſt was found entirely 
dry in ſeven years. I ſuppoſe, that this piece df 


wood 
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wood weighed as much, and perhaps a little more 
than the firſt; and that when it was rough, and the 
tree juſt felled, the 23d of May, 1733; that is to 
ſay, it weighed then 451b. 10 or 12 ounces, This 
ſuppoſition is well founded, becauſe this piece of 
wood was cut and worked in the ſame manner exact- 
ly on the ſame dimenſions, and at the end of ſix 
years, after its perfect drying, the difference was 
found to be only three ounces, which is a very ſmall 
difference, and which I attribute to the ſolidity or 
denſity of the firſt pieces, becauſe, the ſecond was 
taken immediately below the firſt from the foot of 
the tree: now, it is well known, that the nearer we 
approach the root of the tree, the denſer the wood 
is. With reſpect to the drying of this piece of 
wood, after it has been worked, we find it required 
ſeven years to dry it perfectly like the firſt piece: 
that it required twenty days to dry this ſecond piece 
a fourth; two months and an half to dry it half, 
and thirteen months to dry it three-fourths. At 
length, we find it was reduced, like the firſt, to 
about two thirds of its weight. 

It muſt be remarked that this tree was in in ſap when 
it was cut the 23d of May 1 733, and that conſequent- 
ly the quantity of the ſap is formed by this experi- 
ment to be one third of the weight of the wood, and 
that there is only two-thirds ſolid and liguous parts, 
and one-halt liquid parts, as we ſhall find in the 
courſe of theſe experiments. This dryneſs and con- 
fiderable loſs of weight has altered nothing of its. 
volume. The two pieces of wood have alſo the 
the ſame dimenſions, fo that the ſap is lodged in the 
interſtices of the leginous parts of theſe interſtices 
remain void, and the ſame after the evaporation of 
the humid parts which they contain, 

We have not obſerved ' that this wood although 


cut in full ſap, was worm eaten ; it was Very ſound 
and the two pieces were 
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To know whether the dryneſs is made proportionable to the 
ſurſaces- 

WE eighth of April 1732, I had two pieces of 

oak cut at the fame time, one in the form of a 
paralleliped and the other in form of ſmall planks of 
an equal thickneſs, Seven of theſe ſmall planks weigh- 


ed as much as the firſt piece, and the ſuperficies of 


this firſt picce was to thoſe of the planks nearly as 
10 is to 34. | 


TABLE of the Proportion of Drynes's- 


| Weight j Weight Weight Weight, 
MoxTHs and | of the | of the | MoxTus and | of the | of the 
Daus. eight le ven Days. eight ſeven 
pieces, | pieces. pieces. pieces. 
— — 2 — 
1734. April. grams, | grains, 1734. grains. | grains. | 
8 to 2 in ev. 2 189 |2189 JAp. 26, dry|15324 1479 
8 to 10 ev. 2130 1981 27, dryſ 16183 1488 
to 10 m. [2070 18517 28, dry 1509 14498 
10 o'clock, 29, win. 1504 1447 | 
ditto. 1973 [1712 30, rainf 1504 1461 
3 Pony: 1, wetſ 1507 1468 
1 1825 [1589 5, rain 1512 1478 
. , 
13, fairwen-) 9, fair 1510 [1475 
| ther. 17783 {1565 13, wet 1511 1476 
14, dry. . 1741 16403 21, fair 15043 1465 
ts, dry. . 1708 15253 29, wind; 
16, dry. , 1684 1518 and rain 1503 (1466 
17, dry, . .|16564 {15054 June 6, rain 1519 1489 
18, dry . ..j1630 j1502 July 6, fair 1507 1479 
19, cloudy .|16084 14975 [Aug. 6, dry 1500 1468 
20, wet. 590 [1493 10, dry. 1489 ;1461 
C 1576 1486 12, dry £1479 1450 
22, var. 564 1481 14, dry 1470 1448 
23, hot [1556 148; 15, dry. 1461 14603 
24. + e[15cok 1486 16, rain 1464 14068 
E, dry . 143 1482 17, ſair 41463 1450 


Before 
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Before we examine the reſult of this experiment, 
we muſt obſerve, that it required 492 of the grains 
T made uſe of to make an ounce, and that the cube 
foot of this wood weighed nearly 661b. That the 
tece I made uſe of weighed nearly ſeven cubical 
inches, and that the ſurfaces were as ten to thirty- 
four. By conſulting the table we find, that the dry- 
ing in the firſt eight hours was for the ſingle pieces 
of fifty-nine grains, and for the ſeven pieces of 208 
grains, ſo that the proportion of the drying 1s greater 
than that of the ſurfaces, for the piece loſing fifty- 
nine, the ſeven pieces ſhould have loft only 2004. 
Afterwards we ce, that from ten o'clock in the 
evening to ſeven in the morning, the fingle piece 
loſt fixty grains, and the ſeven pieces loſt 130, and 
that conſequently the drying which at firſt was too 
great, in proportion to the ſurfaces, 1s at preſent too 
little, becauſe it ſhould have had for the proportion 
to be juſt, that the ſingle piece loſing fixty, the ſeven 
pieces ſhould have loſt 204, whereas it only loſt 130, 

By comparing the following time, 1. e. the fourth 
part of the table, we perceive, that this proportion 
diminiſhes very confiderably, inſomuch that the ſeven 
pieces loſe only very littłe in compariſon of their ſur- 
face, and from the fifth term, the fingle piece is 
found to loſe more than the ſeven pieces, ſince its 
dryneſs is ninety-three grains, and that of the ſeven 
pieces is only eighty-four. Thus dryneſs is here 
made at firſt in a ſomewhat greater proportton than 
that of the ſurfaces, afterwards in a ſmaller, and at 
length it becomes greater as the ſurface is ſmaller. 
We perceive that it requires only five days to dry 
the ſeven pieces ſo much that the ſingle piece ſhould 
loſe more than the ſeven pieces afterwards. 

We alſo perceive, that it requires only twenty- 
one days to give a perfect dryneſs to the ſeven pieces, 
fince on the twenty-ninth of April, they weighed no 
more than 1447 grains and a half, which 1s the 

greateſt 


NATURAL HISTORY. 
greateſt degree of lightneſs they required, and that 
in leſs than twenty-four hours they were half dry, 
whereas the ſingle piece was not perfectly dry in four 
months and ſeven days, ſince it was the 15th of 
Auguſt when it was at its greateſf degree öf light- 
neſs. It weighed then only. 1461 grains, and that in 
three days it Was half dry. We alſo find. that the 

ſeven pieces loſt by the drying; more than one-third 


of this weight, and the ſinglè piccc near a third. 
EXPERIMENT IV. 
TA 26th of February 1544, J expoſed to the 


ſun two pieces of wood, which ſerved me for 
the, fixſt experiment, and which. I kept for twenty 
years. Thealdeſt'of theſe pfeces, 1. e. that which 
had, ſerved me, for my. firſt, experiment, weighed 
31 lb. 10. 2 drams, and the other 31 lb. 4 0z. 
They had been firſt dried in the air for ten years, and 
afterwards eæpoſtd to the ſun from the 26th of Fe- 
bruary to the 8th of March; and always kept from the 
rain. They dried ſtill, and the firſt weighed no more 
than 30 1b. 30·. 4 drams, and the ſecond, 30 lb. 
6 O. 2 dr. Lo dry them ſtill the more, I put them 
both into an oven, heated to 47 degrees above the 
freezing; point; it was 40 min. atter nine in the 
g and we drew them from the oven two 
hours after; we meaſured them exactly, and their di- 
menfions did not change perceptibly. TI only re- 
marked, that there were ſeveral cracks on the four 
ſides, and that the longeſt was. about a line: we 
weighed them when they came from the oven; the 
firſt piece weiglled only 29 lb. 602 7 dr. and the 
ſecond 29 lb. 6 oz. At that moment I threw them 
into a great veſſel filled with water, and loaded each 


piece with a ſtone to keep it at, the bottom of the 


veſſel. Sp 
Vor. V. e ee TABLE 


281 


„ 5 1 i wr rs * 1 & 2 8 
; "A 8 1 * - 3. +: =» E . * wa = 
x Ll Eads <a AS cv . | : Ne 
| — — 8 
m— — — — . . . _ 2 


— - — = 
— 3 - >. 
— 


— 8 


282 NATURAL HISTORY, 


TABL E of the Imbibition of the two Pieces of 
Wed which were entirely dry when plunged 
into Water. 


MONTHS | | N f 
Time the Wood re-] WEIGHT 
AND mained in the Oven of the 
; and Water. Pizczs of Woos. 
D AT $: 
. 2744. | 6. or. dr. 
= 2 s vs © © *+ 0 + + 0 * » & = 3% 
9 oP. - | 2nd 39 63 
4 put in the oven at 
9 . + e|9h. _ A 29 6 7 
t 
de end. 2 6 7 
put in water at 11h. 
9 2 40 min. after 11, ſt. 32 90 2 
| — drawn out 40 J 2nd 32 12 0 
min. after noon. , 
9 2 x hour. iſt. 32 8 
2nd. 33 4 
9 + +| x hour, 20 32 13 
. 33 9 
9 + . «| x hour. fin 33 1 
zd. 33 13 
9 » » | hour. , , Jiſt. 33 3 
2nd. 34 3 
9+ + «| hour.: , Jiſt. 33 6 


1 hour 15 m. 


l 

9 - 1 hour 45 m |; 33 
l 
l 


— 
=> 
. 
UI 
— 
— 


Yo vs 1 hour 55 m. 
9 + + «| hour 55 m. 


— 
— 
. 
— 
— 
— 
= 0 0 


9 + + «| x hour 


1 „r hours 5 


105 * hours 
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MONTHS 
+ [Time he Wood re: WEIGHT 
AND mained in the Qven of the 
and Water, Ptzczs of Waod. 
DAYS: 15 

1744. | lb. oz. dr, 
March. II. «© ;r2 hours rſt, $377 0'E 
| and. 35 12 f 
11 . t hours tt, 35 32 
| and. 35 14 2 
12 12 hours fav? 35 65 
| and. 36 2 6 
12. . [12 hours ſore 33 93 
nd. 0 £4 

t3 12 hours iſt, 35 11 
2nd, 36 7 6 
13 . . [12 hours it, 35 14 2 
2nd, 36 10 2 
14 12 Rows ;:, * * 2 2 
2nd, 36 13 1 
14 12 hours {= 32 
| 2nd, 36 15 0 
's . ſr2houts . . ſift, 36 46 
2nd, 37 07 
ts 12 hours 1ſt, 36 6 2 
2nd, 37 2 2 
16 . . 12 hours ; * 36 82 
| 2nd. 37 3 4 
t6 . . fta hours ſ ift. 36 90 
| 2nd. 37 5 3 
17 « [12 hours , ho 36 10 2 
2nd. 37 60 
17 „% hours : On 36 T3 3 
2nd. 37 7 3 
18 . 12 hours 1 36 12 6 
| 2nd. 37 84 
13 . . 12 hours : 0 36 13 2 
2nd. 37 9 4 
18 - |is fon ** 36 14 7 
2nd, 37 10 7 
19 . |12 hours : [nd 2 
2nd, 37 12 2 
80 . . 2 hours . . ſift. 37 12 
| 2nd 37 13 6 
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MONTHS 


„ 


AND 


1744, 
Marek. . 20 s * 


21 
21 +» 
* 
22 ** 
23 + « 
24. 
25 A 
26 
27 + » 
28... 
I. + 


30 


31 


12 hours 


12 hours 
12 hours 
12 hours 
12 hours 
24 hour: 
24 hours 
24 hours 
24 hours 
24 hours 
24 hours 


24 hours 


24 hours 


24 hours 


April. 1 . 0 hours 


5 


5 


44 » » 


24 hours 
24 hours 


24 hours 


Iſt, 
2nd, 


18 
| 


1 
2 
Iſt. 
2nd, 
* iſt. 
Land. 
52 
2nd, 
(. 
2nd. 
iſt. 
2nd, 
Liſt. 
2nd, 
1ſt, 
2nd 
Iſt. 
2nd. 
Mt. 
2nd, 


| 
1 
$| 
4 
6 S 
8 
- 
[1% 
5 
12 


£ „. 24 hour: 4ſt. 


2nd. 


of the 


37 280 
37 14 3 
37 I # 
37 15 2 
37 36 
38 0 7 
37 4 5 
38 14 
3 
38 2 4 
37 6 4 
38 3 2 
$7 73 
38 5 0 
37 9 2 
38 6 6 
37 10 3 
38 75 
37 11 3 
38 87 
37 12 2 
38 10 0 
$7 13 1 
38 10 3 
37 13 6 
38 11 3 
37 14 3 
38 11 5 
37 14 7 
38 12 4 
38 01 
38 13 1 
38 06 
38 14 © 
38 12 
38 14 2 
38 19 
38 15 1 


[Time the Wood re w EIGHT 
| zined in the Oven 
nd Waier. 


Pizcxs of Moos. 


15. 0A. ar. 
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22, fair. 24 hours . 11 38 14 6 


MONTHS . . # 
| | Time the Wood re-] WEIGHT 2 
AND 1ained in the Oren of the 1 
and Water. P:izcxs of Woop! $41 
DAYS. 19 
———— — — Fol 
1744+ 1 
April . + 6, rain 124 hours f 1\t. 38 3 0 4: 
2nd. 39 © 7 af 
7, rain . [24 hours ber 2833 9 
2nd. 39 10 Mil 
8, rain. |24 hours 12 38 3 6 » 7 
2nd. 39 1 2 4 
9, rain . 24 hours } iſt. 38 4 6 1 
| C2nd. 39 1% 1 
10, rain . 424 hours . 4 6 Ti 
and. 139 2 £ 1 
11, rain . 24 hours . . I rſt. 38 67 Þ | 
j | 2nd, 39 3 4 7 | 
12, cold . |24 hours . . J iſt. 38 7 5 1 
znd. 39 5 0 1 
13, dry « a4 hours . 21ſt. 38 8 7 1 
2nd, 39 64 ih 
14, cold. [24 hours 3 tft. 38 96 Þ$ il 
2nd, 39 66 41 
15, Fain . 24 hours . . ) rift, 38 10 2 4 
3nd. 99 7 4 | 
16, wind. |24 hours , . 3 rſt, 38 10 7 1 
2nd. 39 7 7 1 
17, rain . a4 hours 12 38 11 4 1 
| 2nd. 39 8 2 14 
18, fair . 24 hours. . } iſt,” 38 12 x 1 
2nd. 39 9 0 FE | 

19, rain. 24 hours 1 38 13 1 N 

2nd. 39 94 L 

20, rain. 24 hours e 38 13 2 . © 1 

2nd. 39 10 7 1 '4 

21, fair . 24 hours. . Ciſt® 38 14 © * 

2nd. 39 11 6 * 

23, wind, [24 hours ; rit, 38 15 6 4 | 

2nd, 39 12 5 19 

24, rain. 24 hours. . 5 iſt. 39 © 3 1 

4 39 13 5 . 6 

1 

1 
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MONTHS 


AND 


DAYS. 


1744. 


April. 25, rain, 


- 26, dry . 


May. . , fair. 


27, wind. 


28, rain 


29, fair 


30, dry . 


2, hot, 
3, fair , 
4, fair. 
6, fair. 
6, wind. 
7, rain 
8, rain , 
9, fair 
11, wind. 
13, wind. 


155 wind. 


17, rain. 


* 


Time the Wood 4 WEIGHT 
mained inthe Oven of the 
and Water. P:xcas of Woeo, 
| 
| . oz, dr, 
24 hours . ſift. 39 1 5 
- 39 13 7 
24 hours $2 24 iſt. 9 6 
2nd. 39 14 2 
24 hours ift. 39 3 0 
3 39 15 4 
24 hours Iiſt. 39 4 
znd. 40 1 
24 hours * 39 4 
2nd, 40 1 
24 hours . 39 5 
2nd. 40 1 
24 hours * 39 6 
znd. 40 2 
24 hours * 39 6 
Land. 40 4 
24 hours — 39 6 
znd. 40 3 
24 hours — 39 7 
2nd. 40 4 
24 hours' fi. 39 7 
= 40 4 
24 hours . . } 1ſt. 39 7 
: 2nd. 40 4 
24 hours Sr 39 7 
2nd, 40 5 
24 hours Fw 39 8 
2nd. 40 5 
24 hours hone 39 9 
2nd. 40 6 
2 days . » — 39 9 
znd. 40 5 
0 
ſ 2nd. 40 5 
2 d ie. 39 9 
| 2nd. 40 5 
2 days gue" 39 10 
2nd, 40 6 


NATURAL HISTORY: 28 


MONTHS 

AND 
DAYS. 

—— 

1744. 

May 19, rain. 
21, thun. 
23, fair . 
25, rain , 
27, fair, 
29, fair , 
31, fair. 


June . 2, dry. 


4, rain , | 


6, dry . 
8, dry. 
10, dry. 
„ 


| 
14, hot 


16, rain. 
18, cloud. 
20, rain. 


22, cloud. 


Time the Wood "8 


mained in the Oven 
and Water, 


34, hot 


WEIGHT 


of the 


P:zCxs of Woop, . 


lb. oz. dr. 
39 115 
49 72 
39 12 5 
40 8 3 
39 13 3 
40 90 
39 14 4 
40 10 © 
F 
40 12 3 
40 2 © 
40 12 4 
40 1 2 
40 12 5 
40 24 
40 13 2 
1 
40 14 1 
40 5 o 
40 14 7 
45 50 
40 14 5 
40 5 6 
40 00 
40 6 5 
41 0.4 
40 72 
1 0 
40 8 3 
41 15 
40 10 1 
41 27 
40 10 4 
41 35 
40 11 5 
41 5 3 
40 11 7 
41 50 


2 


MONTHS 
and 
| and Water. 
DAYS 
1744. 
June . 26, dry. 2 days 
28, dry. 2 days 
30, ud 2 days 
OS * hot . | 2 days 
4. rain. 2 days 
* . P o 
6; rain .| 2 days 
8, wind. 2 days 


Time the Wood re- 
mained in the Oven 


3 NATURAL HISTORY. 


"WEIGHT 
of the 
Pizcts of Woop. 


The roth we were obliged | to to changa th two Cir« 


cles being broke. 
12, rain. 


16, rain : 

20, rain a 

24, cloud. 

28, fair. 

Aug. . T1, wind. 
g, cloud. 

9, hot 


n 


4 days | 


4 days 
4 days 
4 days 
4 days 


4 days 


13, rain, 
17,wind, 


21, rain: 


4 days 
4 days 


4 days 


| 4 days 


— — — 


48 


40 13 0 
41 6 2 
40 13 3 
41.65 
40 14 6 
41 67 
40 14 ! 
41 7 © 
40 15 3 
41 85 
41 04 
41 8 7 
41 10 
41 10 0 
. 4x 2 6 
41 10 6 
41 41 
41 12 © 
$1 I'S 
41 13 © 
41 6 6 
41 45 
4184 
42 0 © 
41 94 
a6 10 
41 10 © 
42 23 
41 11 4 
$2 73'2 
43 $3 1 
3 
4 2 7 

8 3 
41 13 5 
42 5 4 


NATUN AL . 


MONTHS 

AND 
D & Tt. 

1744 

Ang. . 25 var. 
29, fair 

Sept. 2, fair 

6, fair 

10, var. 
14, fair 
18, hot 


October 4, wind. 


8, rain . 


12, rain 


* 


A 


[Time the Wond re- 
mained in the Oven 
and Water. 


4 days 
4 days 
4 days 
4 days 
4 days 


4 days 


16, rain 


20, rain 
24, rain 


28, inow 


4 days 
4 days 
4 days 


4 days 


3 iſt, 
2nd. 
rit. 

and. 
* 

2nd. 
tit. 
-nd. 
HI; 
2n ', 
Life 
2nd, 
Iſt. 
2nd, 
1ſt, 
2nd, 
Lit. 
2nd, 
t\f, 
2nd, 
lit, 
2nd, 


3 It. 
2nd, 
iſt, 

( 2NG, 


} 11t. 
2nd, 


tit, 


— — —ﬀ — 


2 


7 Ao AS tw 


12 
b 
= 


CAN — _ — CS) — — 
? » bd 
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WEIGHT 
of the 
Picks of Wood. 


Ib. . dr. 


41 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 


14 7 
6 


2 > DO Dd © wm a3 O 


— = 
» ONO Oos e 


TY 


+ to 


— 
Lon 


a © ww 


t 
OWT O 


md. 
— 


WI 
to tid 


+ 
© 


Salts ' 


—— W — n 


. e 
„ . OS ati. $5 


3 


. 
y 2 Fox art 


4 
| 
þ 4 
1 
15 
+ 
{ 
Ll 
4 
£1 
1 
* 
{TH 
E 
U 
=_—_ 
'.- 8 
. = 
1, Wm 
6 
8 
K „ 
ay 
mm 
1 
"7 . 
"if 
il 0 
f = 
-4 
5 v 
0 i 
43 
* 
* of 
ar 
- y 
9 
4 = 
%Y 
* 
3 
1 
A 
be 
. 
44 
A 
ls. 
n 
a. 
e 
* 
WH 
* 
1 * 
. 
„ 
i V 


#44 
_ 
: 
. 
3 
1 
- 
"f SF! 
i 
2 
4 
(4 
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| MONTHS | 
Time the Wood re- 
AND mained in the. Oven 
and Water. 
BAS. 
FEE ˙ . ˙ÄA . 
1744. 
Nov. . . 9, fair . | 4 days 
13. fair . 4 days 
17, rain . | 4 days 
21, var. | 4 days 
25, fair . | 4 days 
29, ſnow | 4 days 
| & froſt. 
Dec. , . 3, froſt. | 4 days 
7, var. | 4 days 
11, froſt . | 4 days 
15, rain | 4 days 
& ſnow , 
?g, rain | 4 days 
& hail , 
23, rain | 8 days 
& ſnow . 
31, ſnow 8 days 
fen, 
1745s 
Jan, . . 8, hail 8 days 
& rain . 
16, froſt , 4 days 
24, froſt * | 8 days 


Febr. . 1, ſnow. 


| 8 days 


WEIGHT 


of the 


PiECES of Woop, 


iſt, 
2nd. 
tit, 
2nd, 
Iſt. 
2nd, 
Lit. 
2nd, 
iſt, 
2nd, 
Iſt. 
2nd, 
Iſt. 


6 — . 


lb. 02. dr. 
42 14 0 
43 49 


+> 
WI 
On O Un uni wh 


+ 
2 
GOOmnm r GGoOo O KO OOO ON t- 


+ 
3 
oo Sg weyoN bb Ow Ob Ob QGOoN NWN - 


+> 
22 
— 


43 1 
43 
43 15 4 


+ 

2 

2 
en - oU 
2 0.9 O þÞ t + 


* The water was entirely frozen; there was only one pint ot 
water which was not in ice: we changed the wood two days at- 


ter. 
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MONTHS 


AND 


. 


mr 
1: 
© 


1745. 
Feb. . 


March. 


April , 


May . 


June. 


o 9, rain 0 


17, rain 
wind & ſu. 


27, fair. 


5, fair b 
ſnow 
13, froſt. 


21, wind, 


20, fair. 
6, dry. 


14, dry. 
22% Tin. 
30, fair. 

8, rain. 


16, fair, 
rain. 
24, hot, 
rain. 
1, cold. 


9, freſh 

br. & hot 

17, freſh 
wind. 


[Time the Wood re- 


'mained in the Oven 


and Water. 


ö 
8 days 


8 days 
8 days 
8 days 
8 days 
8 days 
8 days 


8 days 
8 days 


8 days 


8 days 
8 days 


8 days 


8 days 


8 days 


8 days 


8 days 


— 
— 
* 
bs 
Li 


"Fa 
bo 
"if 


WEIGHT 
of the 
Picks of Woonp, 


(5 or. dr. 
43 83 
ind. 43 15 3 
43 83 
ind. 44 © © 
43 96 
ind 44 10 
43 11 4 
Ind. 44 4 © 
44 12 2 
nd 44 50 
43 11 0 
44 3 
43 11 0 
and. 44 3 3 
43 11 2 
20d, 44 . 3 3 
43 13 4 
znd. 44 5 © 
13 23 © 
ms 44 6 0 
i 33 13 2 
2nd. 44 5 3 
iſt, 43 14 3 
and. 44- 7 2 
 ..44 15 © 
-_ 44 7 0 
44 10 
and 64 8 1 
44 2 3 
2nd, 44 8 7 
44 3 0 
2nd. 44 9 4 
= 46 20 
2nd. 44 9 7 


b The wood was ſo ſtrongly encloſed by the ice, that it re- 


quired hot water. 


They were left ncar the kitchen chimney all 


night, and weighed twelve hours after the hot water was put into 
this copper, 


9 
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M O NI HS 
AND 
. 
FF 
1745 
June. , 25, rain 
&wind , 
Tuly 820 35 rain, 
. 
11% ISI 
19, rain, 
hot. 


„ 
Aug. . . 4, rain. 
12, rain. 
20, rain. 


28, rain, 


fair , 
, Fair. 
2175 
Octob. . 7, dry . 
2%, ir. 
MOV . 8, Yar. » 
24, wet, 
„ . :10, frat. 
26, wet . 

1746, 
111 


8 days 


8 days 
8 days 
8 days 
8 days 
8 days 
8 days 
8 days 


8 days 


16 days 
16 days 
16 days 
16 days 

16 days 
16 days 
16 days 


10 days 


16 days 


Time the Wood re- 
mained in the Oven 
and Water. 


WEIGHT 


of the 


Picks of Woop, 


1 


lb. oz. dr. 


44 34 
44 11 
44 3 
44 11 
44 4 
44 11 
44 5 
44 13 
44 © 
44 12 
44 7 
44 13 
44 8 
44 14 
44 9 
44 15 
44 10 
45 1 
44 10 
45 2 
44 11 
45 4 
44 13 
45 5 
44 15 
45 © 
45 1 
45 8 
45 4 
45 9 
45 4 
45 10 
45 5 
45 18 
45 4 
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MONTHS | | 
Time the Wood re-] WEIGHT 
AND mnained in the Oven of the 
ind Water. Piicss of Wound, 
DAYS, 
FFF ˙- r GLO GREP 
1746. i lb. og. dr. 
Jan.. 27, froſt, 16 days .. . f iſt. 45 68 
rain ; 2nd, 45 12 0 
Feb. . 22, ain, 6 days «. +» 5 45 64 
ſnow, 2nd, 45 12 © 
28, froſt , [16 days .. it 46 bo 
 Tanid. 45 12 6 
March 16, froſt . [16 days. 1ſt. 45 90 
2nd: 45 13 © 
April . 1, wind j16 days . ., Jiſt9Þ 45 90 
& ſnow . 2nd, 45 13 0 
17, dry. 16 days . . £ iſt, 45 10 © 
May . 3, var. 2nd. 45 14 © 
19, dry |16 days 2 45 10 © 
& hot. 2nd. 46 oo 
June . 4, rain . [16 days . . ſ1it. 45 94 
42 45 14 2 
20, Yar. 16 days « + It 45 10 6 
2nd, 46 O o 
July . 6, var, 16 days | iſt 45 10 5 
hot. | 2nd, 46 or 
22, dry. 16 „ 100. 45 10 5 4 
a 2nd. 46 0 0 "| 
Aug. . 7, wet. 16 days [(, 45 12 0 1 
{ 2nd. 46 7 4 F 
23, hot , 16 days « » 12 45 15 3 © | 
2nd. 46 2 xc | 
Sept. 8, rain , 16 days 3 45 15 6 : 
| 2nd, 46 3 0 * 
24, dry. 16 days rem 46 06 19 
2nd. 46 3 6 | 4 
Octob. . 10, wet. 16 days Cow 46 1 3 1 7 
| 2nd. 46 4 3 } b 
26, fair. 16 days . Hep 40 10 1 
2 2nd. 46 5G 0 1 
Nov. . 11, var. 16 days i. 46 2 0 1 
| 2nd. 46 6090 1 
27, froſt. 16 days Fes 46 3 1 * i 
d. 46 66 | 
| 


12 
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MONTHS | 
AND mained inthe Oven 
and Water, 
DAYS. 
— ——— 
1746. 
Dec. . 13, wet . 16 days 
29, wet * 16 days 
1747 | 
Jan. « 14, froſt . j16 days 
30, wet. 16 days 
Feb. . 15, temp. 16 days 
March . 3, froſt, 16 days 
19, cold. [16 days 
April. 4, rain. 16 days 
20, dry . 16 days 
May. . 6, temp. 16 days 
22, Var . 16 days 
June . 7, rain 16 days 
23, temp. [16 days 
& rainy 
July. , var. . [16 days 
25, hot & 16 days 
wet 
Aug. . 10, hot & 16 days 
windy 
26, hot & 16 days 
rainy 


Sept. 11, dry . 


Time the Wood re- 


WEIGHT 
of the 
Pizces of Woop, 


— — — man 
lb. oz. dr. 

iſt, 46 4 4 
= 46 7 4 
. 40. 4 © 
and. 46 7 o 
i. 40:36 

1 2nd. 46 8 0 
| mn 40:40 
2nd. 46 7 o 
Ja a0» 2 
2nd, 46 6 0 
1. 46 3 6 
2nd, 46-8 © 

{ aft 46 28 
2nd. 46 8 8 
* 1 
2nd: 46 9 5 
frm "0 &y 
2nd. 46 8 1 

. 2 46 64 
2nd. 46 94 

; 2 5 
2nd, 46 9 9 
ut. 6 $2 
2nd. 46 10 3 

| rt. 46 g 1 
2nd, 46 12 1 
Tr 46 10 © 
2nd, 46 13 © 
* 46 12 © 


on 46 11 0 
2nd. 46 13 2 
Fre 46 12 © 
2nd, 46 15 © 
_ 11 © 
13 0 


NATURAL HISTORY. 


MONTAS 


12747. 
Sept. 27, rain 


DR. 2 Wt. 
Nov. . 27, cloud. 
Dec. . 27, rain. 
1748, 


Jan. 27, froſt, 
ſn. & hail 


Feb. . 27, mild 30 days 


March . 27, cold 30 days ' 


April . 27, cold 
& rain 

May . . 27, dry 
& cold 

June . 27, dry. 


July. 27, heat 


& rain 
Auguſt , 27, heat 


Cept. . 27, rain. 


Oct. 


27, wet. 


Nov. . . 27, froſt 


DEC. . 2% Fain 
— : * 


' 749. 
Jan, . 27, rain 


| 
ſime the Wood re- 


mained in the Oven 
and Water, 


— - 


30 days. 
20 days' .- « 
30 days. 
30 days, , 
30 days . 
30 diy: i» 
30 days , 


30 days 


30 days 


30 days » 


12 — 
2 -Þ 
Re 
+ > 
_ — 
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WEIGHT 
of the 
Picks of Woos. 


—— — _— 
| . oz. dr. 
16 days „ „ fiſt. 46 11 0 
2nd, 46 13 4 
go days . . fil 4a 1 6 
2nd, 46 15 0 
30 days. . fiſt. 46 14 0 
| 2nd, 47 04 
30 days , . fiſt. 46 15 0 
2nd, 47 17 
g0 days: .. « 


2nd, 47 
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MONTHS | | 
| Time the Wood re-] WEIGHT 
AND mained in the Oven of the 
nd Water, Pizezs of Wood. 
1 . 
23 — — 2 — Ia 
880 Ib. cz. dr. 
Feb. . 27, rainy [30 days it. 47 6 0 
very dry 5 47 32 
mr. . 27, ram. 130 days... it. 47 ta 
2nd, 47 9 4 
Apr.. 27,wind. [30 days . | it. 47 70 
3nd, 47: 9 0 
May . 27, heat. [30 days E | rſt 47 6 © 
2n0. 47. $ 0 
June. 27, var. . zo days . 78 47 64 
znd. 47 8 0 
July . 27, var. . 30 days „ „ 
2nd. 47 8 2 
Aug. 27, rain zo days „ia. 47 10D 
| : 2nd. 47 11 0 
Sept. 27, dry .|30 days . { xt 47 8 0 
2nd. 47 10 0 
Oct, 27, dry. . [30 days . , 47 60 
2nd. 47 7 0 
Nov, 27, rain, , [30 days | I 47 12 © 
2nd. 48 O 0 
Dec. 27, froſt & [30 days , Fay 47 14 0 
hail 2nd.. 47 14 0 
1750, 

Jan.. 27, wet . zo days ; Jow 47 15 © 
2nd. 47 15 4 
Feb. . 25, var. . 30 days . Ha 47 15 4 
and. 47 15 © 
March 29, fair. zo days ift. 47 14 © 
| and. 48 2 © 
Apr. . 27, dry . |3o days - Fils 4 42 4 
and. 47 11 4 
May. . 27, rain . zo days [ſti 47 14 © 
2nd. 47 I © 
June. 27, ſultry , 30 days i Fer 1 
| 2nd. 47 13 4 
July. 27, hot . 30 days „fit, , 4 
Land. 47 14 © 
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MONTHS 
AND 


DAYS. 


r 


1750. 
Auguſt , 27, rain 


Sept. 2% falt. . 


Oct. 


„34 Wir 
& cloud. 
27, rain 


Nov. 
1. 
Jan. 


Feb. . 


27, rain 
27, froſt 
March. 27, rain 
Aprii . 27, rain 
May . . 27, var. 


July . 


Aug.. 27, temp. 


27, heat 
ON. . 27% WD. 
Dec. . . 27, fro 


1752. 


Feb. var. 


275 


Apr. . 27, dry 


We forgotto weigh the two pieces in December, 


Pp 


Vo L. V. 


16 days 


30 days 


30 days 


30 days 


61 days 
30 days 
30 days 


30 days 


30 days 
bo days 


| 


bo days 


| 


60 days 


60 days 


| 


60 days 


6o days 


Time the Wood re- 
mained in the Oven 
and Water, 


l 
l 
l 
l 


" 


WEIGHT 


of the 


PixzCczss of Woop, 


it. 
2nd, 
11ſt, 
2nd, 
1ſt, 
2nd, 
1ſt, 
2nd, 


iſt, 
2nd. 
iſt, 
2nd, 
Iſt. 
2nd, 
iſt, 
2nd. 
1ſt, 
2nd. 
1ſt. 
2nd. 
Iſt, 
2nd, 
1ſt, 
2nd, 
iſt, 
2nd, 


Iſt. 
2nd. 
Iſt, 
2nd, 


48 0 0 
48 00 
16 
48 1 0 
48 10 
48 10 
48 2 0 
48 20 
48 10 0 
48 13 © 
8 0 
333 
48 13 © 
48 14 © 
48 13 0 
48 14 0 
48 13 0 
48 13 © 
48 8 0 
48 12 © 
$8 7 © 
4 6 5 
49 O © 
48 0 © 
48 10 0 
48 10 0 
48 90 
48 11 0 
48 60 
48 6 & 
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ren. His ron r. 


rns | 
Time the Wood r1e-] W EIG IT 
AND mained in the Oven ol! the 
aud Water. Pikces Ot Wood, 
7 >. 


June . -27, bot ee days . . {rft. 48 8 0 
& rainy L 2nd. 48 8 0 
Aug. . 27, var. 60 days 


ON 
— 
© 
> 
2 
— 
O 
O 


„ fair . ene . . 11ſt. 48 10 0 


„„ r . Jiſt.. 48 10 


Fed. . 27, mild '6o days e 48 10 4 


Apr. 27, rain 'bo days . . ift. 48 11 4 
znd. 48 12 0 


j By this experiment which laſted twenty years, we 
8e 
Firſt. That after drying in the air for ten years, 
and afterwards in the fun and fire for ten days, 
the oak attained its perfect dryneſs, and loſes about 
one-third of its weight when worked green, and one- 
half lets when kept in its bark a year before it is 
worked; for the piece of the firſt experiment was in 
ten years reduced from 451b. 10 0z. to 29 lb. 6 0z. 
7 drams, and the piece of the ſecond experiment 
_ in nine years reduced from 42 lb. 8 oz. to 29 lb. 

OZ. 

Secondly. That the wood kept in its bark before it 
is worked, more readily and abundantly imbibes wa- 
ter, and conſequently the humidity ot the air than 
green wood, For the firſt piece which weighed 291b. 
6 0z, 7 drams, when put in water, in one hour gained 
only 
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only 2 lb. 8 o. whereas the ſecond piece, which 
weighed 27 lb. 602. gained at the ſame time z lb. 
60. This difference was kept up for ſome time, for 
in twenty-four hours ſtay in water, the firſt piece onl 
gained 4 lb. 15 oz. 7 drams, whereas the ſecond gained 
during the ſame time <1b. 4.0z. 6 drams. Durin 
eight days the firſt piece gained only 7 Ib. 1 0z. 2dr. 
whereas the ſecond weighed 7 Ib. 1202. 2 drams. In 
a month the firſt piece gained only 8 Ib. 12 oz. 
whereas the ſecond gained „be 11 oz. 2 drams. In 
three months the firit piece gained . 10 lb. 140 f. 
1 dram, whereas the ſecond gained 111b. 8 oz. 5dr. 
At length the two pieces did not become of equal 
welght untili four vears 7 days. 

1 kirdly. That it was twenty months before theſe 
pieces of wood at firſt ſo dried to the laſt degree, had 
imbibed in the water as much humidity as they had 
when ſtanding, and at the moment when the tree was 
felled, for after twenty days ſtay in water, they weighed 
451b. ſome ounces, nearly as much as when they 
were worked off, 

Fourthly. That after twenty months ſtay in water, 
having imbibed as much humidity as they had at firſt, 
the water continued to 00ze from the wood for five 
years ; for in October 1751, they both equally weigh- 
ed 49 lb. therefore woo plunged i in water, not only 
takes in as much humidity as it contains ſap, but al 
upwards of one-fourth more, and the difference in 
weight from the pertect drynets to the compleat imbi- 
bition, is from thirty to fifty „or from three to five. 
A piece of very dry wood, which weighed only 3 lb. 
will weigh 5 lb. wh zen it has remained ſeveral days in 
water. | 

Five. When the imbibition of wood in water 1 
compleat, the wood at the bottom of the water fol- 
lows the vic!ihrudes of the atmoſphere, it was always 
heavier when it rained, and lighter when it was fair, 


as we have obierved in the table. So that it may 
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juſtly be ſaid to be moiſter in water when it rains, 
than when it is fine weather, 


EXPERIMEN T VII. 


To diſcover the difference of the imbibition of weed, as 
the ſolidity is greater or leſs. 


HE ad April, 1735, I took three cylinders from 

an oak ſixty yeaggold, one was from the center of 
the tree, the ſecond from the circumference of the 
wood, and the third from the ſappy part; theſe 
three cylinders weighed 985 grains each. I put them 
into a veſſel filled with ſoft water, and weighed them 
every day for a month, to ſee the proportion of this 
imbibition. 


TABLE of the Imbibition of the Cylinders of Mood. 


TD & T4 S WEILGH T of the three 
EYLINDERS. 
OF THE 


Heart. Circumtf. Sappy 


WEIGHING. of N part. 


——— . — — 


1735. grains. | grains. | grains, 
April. 2: 2 o'cl. | 985. | 985. 985. 
3 a 6m. 1011. 1016. 1065, 

4. . 1021. 1027. 1065. 

g, rain . 1023. 1034. 1073. 

6, rain. 1030. 1040. 1081. 

7, rain . 1035. 1044. 1083. 
8, rain . 1036. 1048. 10883. 

9, rain . 1037. 1051. 1090 
to, cloud. 1039. 1055. 10923. 

11, dry . 1040. 1056. 1084. 

12, dry . 1042. 1059. 1078. 
13, dry . 1045. 1061. 10784. 

14, clend. 1081. 1064. 1079. 

157 dry. 10501. 1065. 11078. 
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"DATES WEIGHT of the 
three CYLINDERS. 
Or THE 


* * 17 * 
— — 


„ e 


Heart. | Circumf. Sappy 


WEIGHING. of Heart | part. 


— — —— — — Qnſfſ— 


1735» 
April, 16, wet 
17, wet 


rains. 
» [IOS1, 


18, dry. 1052. 


19, dry 


* [1053, 


20, cloud, [1056, 


21, rain 


. [1057. 


1066. 


0513.06). 


1068. 
1069 
1072. 
1073. 


grains. Grains. 


1074. 
1072, 
1073 

1071, 
1072. 
1079. 


— 


he 


—_—— "266. 


_ YOGI Wag TS ne * 


22, cloud. [10573.J10754.[107Bz. 

23, cloud.|1058. [107 7 [1074. 

24, dry . 1059. 0788. 1074. 

25, dry . 1060. [1079+ 1074. | 

29, dry. 1065. [1087+ [t0744, 1 

May, . 5, wet . 1068.09. [1071+ | 

9, dry. 1072. 1093, 1071, 

13, wet . 1073. 10955 [1070, 

21, rain . 1075. [1101 0%. 

25, rain . 077; 1035. 084. 1 

June. „ 2, dry , 078. [11033.j1071, 1 
10, dry . 082. 108. 10783 ; 

18, dry . |1080. [r1105. to. 

July . 6, rain . 088. [1109, [r069. 

15, rain . 1096. 1112, 077. 

25, rain . 113. 126. 1098. 

Aug. . 25, dry , [1112. 122 1065. 

Sept.. 25, rain . J1120. 126. [1092. 

October 25, rain. Ii 128. 130. 1024 


This experiment preſents ſomething very irregular; 
we ſee, that for the firſt year, this ſap, which is the heart 
ſolid of the three pieces, imbibes 80 grains of water, 
when the piece of the circumference of the heart im- 
bibes only 31, and the piece of the center 28; that 
alſo the next morning this ſappy piece ceaſed from 
imbibing, ſo that its weight encreaſed only 1 grain, 
during 24 hours; whereas the other pieces imbibed 
and encreaſed in weight. By cafting our eyes on the 
table, we perceive, that the center piece and that 
rom the circumference, encreaſed in weight from the 
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2d April to the roth June, whereas the ſappy piece 
augments and diminithes in very irregular variations, 
It was put in water the iſt of April at noon, in cloud 
and wet weather, this piece weighed like the two 
others 185 grains; the next mornin.” at ten o'clock, it 
weighed kong grains, 10 that in 18 hours it had en- 
creaſed 80 grains, i. e. „ of its total weight. It 
was natural to think that c would continue to encreaſe 
in weight, nevertheleſs at the env ot 13 hours it ceaſed 
ſuddenly from imbibing. Aſterwards this ſappy piece 
imbibed water again, And continued ſo to do for fix 
days, inſomuch that by the 1oth Apil, it had im- 
bibed 1074 grains of water, but the two following 
days, it loſt 14 grains, which makes more than 1-halt 
of what ithad done the fix preceding days; it remained 
almoſt at the ſame ſtation during the three following 
days, after which it continued to give out the water 
it had taken in, inſomuch that on the 19th of the 
ſame month, it had g.ven out 214 grains from the 
tenth. It diminiſhed ftill more to the 13th and 21ft 
of the ſame month, and ſtill more tothe 1 8thof June, for 
it Joſt 28 grains from the 10th of April. After that it 
encreaſed during the month of July, and by the 25th 
it had imbibed in the whole 113 grains. During the 
month of J. guſt, it regained 33 grains, ard at length 
it encreaſed in September, and eſpecially ſo conſide- 
rably in October, that oy} the 25th it had gained in 
all 139 grains. 

From this and a number of the like experiments, 
it is therefore very certain, that wood plunged in wa- 
ter, attracts it and rejects it alternately, in a pro- 
Portion, the quantities of which are very conſiderable 
with reſpect to the total imbibition. This circumſtance 
aſtonithed me, I at firſt imagined, that the variations 
mi, ;ht depend on the w eight of the air; I thought 
thac the air being heavier in dry and hot CO. 
the water being then charged with a greater 
weight, muſt penetrate the wood with a greater 

force 
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force, and that on the contrary, when the alt is 
lighter, the water which entered therein by the great 
weight of the atmoſphere, might ooze out again; 
bur rhis explanation does not agree with obſervati— 
ons; tor on the contrary it appears, that wood always 
increaſes its weight in water in rainy weather, and 
diminiſhes confiderably in dry and hot weather, which 
made me propoſe to M. Dalibard, ſome years after, 
to make theſe experiments, by comparing the va- 
riations of the weight of the wood, with the motions 
of the barometer, thermometer, and hygrometer, 
which he executed with ſucceſs. 
EXPERIMENT I ; 
On the imbibition of green word. 
HE gth of April 1775, I cut a piece of cylindri- i 
cal wood, which weighed 8 oz. from the center | 


LY, _—_—_— £ * 


2 4 29. [7 * CY How _ 


— 
— n S = Or <7 ey RE OE 


» PO N 


of an oak ſixty years old: I immediately immerged | 
it in a veſſel full of water, which I always took care 4 
to keep filled. | 
TABLE of the imbibiticn of this piece of the heart of oak *. 41 
YEARS, {| WEIGHT! YEA KS, WEIGHT # 
MONTHS\| ofthe |MONTHS| of the 1 
AND H-art of Oak. AND Heart of Oak. T3 
DAYS. EBAY 4 1 
—— an . 2 — — GR” RE 114 
1735, ounces 1735- | ounces. 1 
April... 9. 11. «r IT 1 

10. 1 . 

11. 1 . 

11. 11 May. . 5: 3 

I 3. 14 13. 3 

14. 1 1 - 29. 1 1 * 

15 11 „ 

16. 1 30] 11 

17. 1t al... 268 27 ;; 

18. 11 it. 

19. 11 Septem. „„ 

20. 11 October. 2 „ 

21. 1 „„ 


* The water, A very often changed, received a black colour, a ſhort 
time after the wood es immerged therein; this water was ſometimes co- 
vered with a kind of oily pellicle, and the wood was conſtantly gluiſh until 
the 29th of April, althcugh the water clarified itſelf a few days after, 
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By this experiment it appears, that there is an 
unctious matter in wood, which water readily diſ- 
ſolves ; it appears alſo, that there are parts of iron 
in this matter, which gives the black colour to the 
water. 

We ſee alſo, that the wood juſt felled, does not 
increaſe ſo much in weight in water, ſince in fix 
months the augmentation is only one-half of the 
whole weight. 


EAFTERIMENT X. 


On the imbibition of dry wood, both in ſalt and freſh 
Water. 


HE 22d of April 1775, I cut two ſmall pa- 

rallel pieces, of an inch ſquare by two inches 
from a piece of oak, twenty years old, and which 
had been always covered; prior to this I had diſ- 
ſolved an ounce of ſea-falt in 15 O. of water, after 
having ſet down the pieces of wood, which was 450 
grains each, I put one of them into the ſalt-water, 
and the other into a like quantity of freſh, they 
were immerged at five o'clockin the evening, and ſuf- 
fered to float freely therein, 


m 


NATURAL HISTORY. 


The TABLE c theſe two Pieces of wood. 


YEARS, MONTHS, | 
WEIGHTWEIGHT 
AND of the wood | of the weod 
in freſh walcr,; in ſalt water, 
DAYS. | 
1775. {© grams. Yarns, 
April, . 22 at 7 o'cl, eve, 485. PF th 
| at ton the morn.j 495. 487. 
23 at 6 in the eve. 5003. 495. 
| at 6 in the morn. 5213. 502. 
24 at 6 in the eve, 5314 5093. 
6 bs 547 5170. 
26 SS © ST © = 4 500. 328 
27 at 6 in the morn,| 573. 533. 
3 + 13% =» ©. 20 5397" 
20 + ++ ++» «+ + « | 00 545“ 
30 a 598. 549" 
May. 1ſt 603. 551 
3 6093 » 5531. 
5 . 9 4 628. 58 5˙ 
9 "7 . 1 6481. 597 
13 1 . $ © 667. 607. 
| „ 682. 616. 
$I oo 4+ rey 684. 620, 
| 20-3 eo wc. 0 704. | 630, 
[June * 6 S3 EOS wowed 7121. 640. 
14 32 732. 648. 
. 0 7534. 6034. 
July 25 1 $=- 8 * 770. 710. 
[Aug. 25 A „4 736. 
Sept. 25 . . | 7833. 7563. 
Octo. 283 . 7963. 760, 


. 
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hy Small chryſtals of ſalt were found about this piece, a little belaw the 
line of the water in which it floated. 


I obſerved in the courſe of this experiment, that 
the wood became more gloſſy and oily in the freſh 
than in the ſalt water, the freſh water became alſo 
By this experiment we find, that the wood 
attracts a greater quantity in freth than in ſalt water, 
which we ſhall be convinced of by the following 


blacker. 


table : 


. 


W 


The 
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. 8 

| The ſame day 22d April, I took fix pieces of an 

4 inch ſquare from the ſame piece of oak, each weighed 

4 460 grains. I put three into 45 ounces of water with ; 
[ 3 ounces of falt, and put the three other into 45 ounces 


of freſh water. I marked them 1, 2, 3, which were 
in the ſalt water, and 4, 5, 6, in the freſh. 


r * 
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532. 
529: 


1 ; „They were put in the water at half an hour after five in the evening? 
if 

1 — 
MONTHS pſy 
q 4 Weight] Weights: 
F | AND of the | vt the 
bu. ] numbers|numbers 
1 ES. 1 2 3.4 5 6. 
* 1735. | grains, | grains, 
f 5 April. 22 at 6 o'lock & ) 40. 454. | 
1 an half, } 4494. 452 
5 448 . 461. 
4 at 7 o'clock 453. _ | 
bo & an half.] 5** +5 . 
* 51. 4553 
* at 8 o'clock 456. 403: 
2 & an half. 455, 4 " ' 
4 8 sel. 
4 at 9 o'clock 458. 2 
5 & an half. \ 457 (45 
1 455. 462. 

N by 22 at 6 o'clock in 40 [+ 4798 
4 bi the morning, * 47 : 
2 403, 475 
NF at 6 in the 175 01. 
4 reening-L 21 [488 
| 24, at the ſame . s. 
18 h 480. 503. 
1 Our. 

1 | 479. 501. 
”"n 4903. |518. 
4 = 


527. 
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MONTHS IE Tos 
Weight Veight 
AND of the | of the 
numoers/numbers 
. 456.112 3. 
— 2 — 8 
I 735 | grain, grains. 
a 597. 645. 
April 27 5 554. [c40. 
499. 539. 
514. jorge 
28 , 3509. 5522 
505. 551: 
517. 560. 
29 9 o 1 513 5573 
507. 555. 
( 522. 57 | A, 
30 3520. 668. 
? 512. 507. 
97. 575.7 
May. . bo Tio: 8. 525. 872. 
315%. 560. 
2 at 6 o'clock * - 
in the evening, } ? 3 
519. 575. 
557. 600. 
5 - . 3 864. 594. 
555. 1593: 
573. 621. 
=. 570. 613. 
561. (606. 
581. (634. 
„ 578. 632. 
570. 624. 
| 589. 653. 
17 . » . 592, 648, 
575. 1037, 
$97. [670; 
21 - o . 584. O55; 
553. 1 
| 619. 682. 
20% «| i 667. 
| 61 2 664. 
June, 6 at60'clock 022. 664; 
in the evening. 620. 1680. 
613 679: 
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MONTHS 
94 | Weight Weight 
AND of the |} of the 
| numbers numbets 
S. 1 2 3.4 3 6. 
. ˙ B A A | my | 
1735. N grains. | grains. 
| | 628. 1703: 
. 627. 699. 
| a 620. 691. 
645. 274. 
WW » 2 6542. 715. 
634. 713. 
663. 737. 
JUP 4 © 82> +. is 657. 731. 
| 648. 729. 
| 688. 747. 
„„ 35». fo | 694. 742: 
| | 680: 736. 
. 
September 8 « | 711. 741. 
704. 740. 
7 
Po o | i. 
a 797. 752. 


Pp this and the preceding experiments we ga⸗ 
ther, 
1. That oak loſes about one-third of its weight in 
drying, and that leſs ſolid wood than oak loſes more 
than one-third of its weight 

2. That it requires at leaſt ſeven years to dr 
timber eight or nine inches thick, and that conſe- 
quently it would require much more than double the 
time, to dry beams fixteen or eighteen inches ſquare. 

3. That wood felled and kept in its bark dries 
ſlowly, that the time it is ſo kept is entirely loſs, and 
conſequently wood ſhould be ſquared a ſhort time af- 
ter it is felled. 

4. That when wood has acquired two-thirds of its 
dryneſs, it begins to pump out again the moiſture — 
t © 
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the air, and that conſequently it ought to be preſerved 
in incloſed places, if deſigned tor juiners uſe. 

5. Thar the drying does not remarkably diminiſh 
its volume, and chat the quantity of the ſap is one- 
third of ty {olid part of the tree. 

6. That the wood of the oak felled in full ſap, if 
it is wichout that ſoft part of the timber between the 
body and bark of the tree, is no more ſubject to worms 
than the ok felled in any other ſeaſon. 

J. That the drying of wood is at firſt in a greater 
ratio than that of the ſurfaces, and afterwards in a 
leſs. That the total drying of piece of wood of 
equal volume and of a double the ſurface of another, 
1s made in twice or thrice leſs time ; that the total 
drying of wood of equal volume and treble ſurface is 
made in five or ſix times leſs time, 

8. That the augmentation of the weight which d 
wood acquires by re-pumping the humidity of the 
air, is proportionable to the ſurface. 

9. That the total drying of wood 1s in proportion 
to its lightneſs, ſo that the ſappy part dries more 
than the heart of the oak, as the ratio of its relative 


diſtance, which is nearly — leſs than that of the heart. 

10. That when the wood 1s 22 dried in the 
ſhade, the quantity that ſtill may be dried in the ſun, 
and afterwards in an oven heated to 47 degrees, will 
ſcarcely be 5 or = part of the total weight of the 
the wood, and that conſequently this artificial drying 
is expenſive and uſeleſs. 

11. That the dry and light wood, when immerged 
in water, is filled in a very ſhort time: that it requires, 
for example, but one day for a ſmall piece of this 
ſappy part to be filled with water, whereas it requires 
more than twenty days for a like piece of the heart. 


12. That the heart of oak, increaſes only - of its 


whole weight, when immerged in water as ſoon as 
1 * 3 


/ 
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cut, and that a long time is required even to gain 
this augmentation of *. 


13. That the wood immerged in ſoft water, at- 
tracts it more readily and abundantly than in ſalt. 

14. That wood immerged in water imbibes much 
quicker than it does in the air, fince it only required 
twelve days for the two firit experiments to re-take in 
water half of the moiſture it nad loft by drying in 
ſeven years, and that in twenty-two months they are 
loaded with as much humidity as they ever had, in- 
fomuch, that at the end of thoſe twenty-two months 
ſtay in water, they weighed as much as when they 
had been cut twelve years before. 

15. Atlength, when the wood is entirely filled with 
water, they undergo at the bottom of the water varia- 
tions relative to thoſe of the atmoſphere, and which 
are diſcovered by the variation of their weight, and 
although it is not perfectly known to what theſe va- 
Tiations correſpond, we nevertheleſs ſee in general, 
that wood immerged in water is damper where the 
air is damp, and leis ſo when it is dry, fince it con- 


ſtantly weighed more in rainy weather than when 
fair. * : 
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Vide ego, quod furrat quondam ſelidiſſuna tellus, 

Eſſe fretum; vidi fraFas ex equore terras z 

E procul d pelago conch jacuere marine, 

Et vetus inventa eſt in montibus anchora ſummis; 

Quodque fuit campus, vallem decurſus aquarum. 

Fecit, & eluvie mons eſt deductus in æquor. | 
Ovid. Metam, lib. 15: 
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THE 
THEORY of the EARTH. 


WERE ſhall not here {peak of the figure of the 
*f N earth, nor its motion, nor the connec- 

J tions it may have with the reſt of the uni 
EIA verſe. It is its internal conftitution, its 
form and its matter, which we now propoſe to exa- 
mine. The general hiſtory of the earth, is a 
neceſſary ſtudy for thoſe who defire to make 
themſelves acquainted with nature and her pro- 
ductions, and the detail of fingular circumſtances of 
the life and manners of animals, or of the culture and 
vegetation of plants, belong perhaps, leſs to natural 
hiſtory than to the general reſults of obſeryations made 
on the different matters which compoſe the terreſtrial 
globe ; the eminences, depths, and inequalities of its 
form, the motion of the ſea, the direction of moun- 
tains, the poſition of quarries, the rapidity and 
effects of currents, &c. This is nature in its ample 
extent, and theſe are her principal operations ; the 
influence all the reſt, and the theory of theſe effects 
is a firſt ſcience of which the intelligence of parti- 
cular phenomena, as well as the exact knowledge 
of terreſtrial ſubſtances depends; and when we 
give to this part of the natural ſciences the name of 
phyfics, or phyfic, in which we admit ng ſyſtem, is it 
not the hiſtory of nature. 


Ver. V. | 2 R Ia 


— 


TT 


Vide ego, quod fuerat quondam ſelidiſſuna tellus, 

3 Eſſe 5 etum ; vidi fracłas ex quore terras; 

4 E procul d pelago conchæ jacuere marinæ, ö 
47 Et vetus inventa eſt in montibus anchora ſummis; 

4 Quodque fuit campus, vallem decurſus aquarum. 

5 Fecit, & eluvie mons eft deductus in æquor. | 

A Ovid. Metam. lib, 15; 
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THEORY of the EARTH. 


WER E ſhall not here ſpeak of the figure of the 
N earth, nor its motion, nor the connec- 
Ys . . . . 
tions it may have with the reſt of the uni- 
MTA verſe. It is its internal conſtitution, its 
form and its matter, which we now propoſe to exa- 
mine. The general hiſtory of the earth, is a 
neceſſary ſtudy for thoſe who deſire to make 
themſelves acquainted with nature and her pro- 
ductions, and the detail of ſingular circumſtances of 
the life and manners of animals, or of the culture and 
vegetation of plants, belong perhaps, leſs to natural 
hiſtory than to the general reſults of obſervations made 
on the different matters which compoſe the terreſtrial 
globe ; the eminences, depths, and inequalities of its 
form, the motion of the ſea, the direction of moun- 
tains, the poſition of quarries, the rapidity and 
effects of currents, &c. This is nature in jits ample 
extent, and theſe are her principal operations; the 
influence all the reſt, and the theory of theſe effects 
is a firſt ſcience of which the intelligence of parti- 
cular phenomena, as well as the exact knowledge 
of terreſtrial ſubſtances depends; and when we 
give to this part of the natural ſciences the name of 
phyfics, or phyſic, in which we admit no ſyſtem, is it 
not the hiſtory of nature. 
Ver. V. | 2R 
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In a ſubject of a vaſt extent, whoſe relations are dif- 
ficult to connect, and where the facts are partly un- 


known and uncertain ; it is eaſier to ſuppoſe a ſyſtem 


than to form a theory : for this reaſon the theory of 
the earth, has never been treated but in a vague. and 
hypothetical manner. I thall therefore only ſlightly 
mention the ſingular ideas of ſome authors who have 
written on this tubject. | 

One aſtronomer more ingenious than reaſonable, 
and verſed in the ſyſtem of Newton, foreſeeing every 
poſſible event of the cauſe and direction of the planets ; 
explains by the aſſiſtance of a mathematical calcula- 
tion, or by the tail of a comet, every alteration hap- 
pened to the terreſtrial globe. 

Another heterodox theologician ; his brain heated 
with poetical viſions, thought he had diſcovered 
the creation of the univerſe, and aſſuming a prophe- 
tic ſtyle, after telling us what the earth was before 
it came from Chaos, what the deluged had changed 
therein, and what it has been and what it is; predicts 
what will happen, even after the deſtruction of the 


human race. 


A third; In fact, a better obſerver of nature 
than the two firſt, (though all but little regular ia their 
ideas,) explains by an immenſe liquid, contained in 
the bowels, the principal phenomena of the earth, 
which according to him, is only a ſuperficial and 
very thin cruſt, which ſerves as a covering to the fluid 
it incloſes. 


All theſe hy potheſis's formed at random, and which 


are only built on ruinous foundations, have given 


no light to ideas and have confounded truth. 
Fable is mixed with phyſics, and theſe ſyſtems have 
been received only by thoſe who blindly receive 
every thing, and are incapable to diſtinguiſh the 
links of probability, and are more ſtruck with the 


marvellous than the truth, 


VV hat 
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What we have to ſay on the ſubject of the earth, 
will be without doubt leſs extraordinary, and appear 
common in compariſon of the great ſyſtems before 
mentioned; but, it muſt be remembered, that an hiſ- 
torians duty is to deſcribe, not to invent that no 
ſuppoſition muſt be admitted, and that he muſt 
make uſe of his imagination only to combine obſer- 
vations, generalize facts, and form a collection which 
may preſent to the mind a methodical order of clear 
ideas, and of ſucceſſive and probable connections; I 
ſay probable, for we muſt not hope to be able to give 
exact demonſtrations on this matter; they have \ oh 
only in mathematical ſciences, and our knowledge in 
phyſics and natural hiſtory depends on experience, 
and is confined to inductions. MES 

Let us therefore begin by repreſenting what the 
experience of time and our own obfervations has 
taught us on the ſubject of the earth. This immenſe 
globe offers at the ſurface, acclivities, depths, plains, 
teas, lakes, rivers, caverns, gulphs and 6, 4 
and all this at the firſt inſpection, diſcovers to 
us no regularity or order. If we penetrate into its 
internal part, we ſhall there find minerals, ſtones, 
bitumen, ſand, earth, water and matters of all 
kinds; placed as it were by chance without the leaſt 
apparent regularity ; by examining it with more at- 
tention, we ſee mountains which are ſunk, rocks 
ſplit and broken, countries ſwallowed up, new iſlands, 
others under water, and caverns filled up. We ſhall 
find the heaviett matters placed on the lighteſt, hard 
bodies ſurrounded with ſoft, matters which are dry, 

wet, hot, cold, &c. and all mixed in a kind of con- 
fuſion, which preſents to us no other image than 
a maſs of ruins and a wrecked world. 

Nevertheleſs we inhabit theſe ruins with a perfect 
ſecurity. Generations of men, animals and plants, 
ſucceed without any interruption, the earth fur- 
niſhes ſubſiſtance in abundance ; the ſea has its li- 
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mits and laws, its motions are ſubjected, the air. 
has its regulated currents, the ſeaſons their pe- 
riodical and certain returns, the vergure never fails 
to ſuceged the hoary froſt; all appears in order, 
and the earth, which but a ſhort time ago, was only 
a chaos, is a delightful abode, where calmneſs and 
harmony reigns, where all is animated and conduc- 
ted, by a power and intelligenge, which fills us with 
admiration, and raiſes us to the ſublime idea of 
an Almighty and wile Creator. 

Let us therefore, not lay any ſtreſs onthe ir- 
regularity on the ſurface of the earth, and on the 
apparent diſorders found in the interior part; for 
we ſhall ſoon perceive the utility, and even the ne- 
ceſſity of it; and by conſidering it further, we per- 
haps ſhall find there an order, and general connec- 
tions which we did not perceive at the firſt glance. 
In fact, our knowledge in this reſpe& will be always 
_ confined ; we do not yet know the whole ſurface 
of the globe, we are partly ignorant of what is at 
the bottom of the ſea, and there are parts, the depth 
of which we have not been able to fathom, we can 
only penetrate into the coat of the earth, and the 

reateſt cavities, and the deepeſt mines do -not de- 
Fa to the hundredth part of its diameter, we can 
therefore judge only of the external and almoſt ſu- 
perficial ſtate; for the internal part is almoſt en- 
tirely unknown to us. We know that, volume for 
volume, the earth weighs four times more than the 
ſun, we have alſo the rotation of its weight with 

other planets, but it is only a relative eſtimation, 
the unity of proportion is wanting, the real weight 
of matter being unknown to us, inſomuch that the 
internal part of the earth may be either void, or 
filled with matter, a thouſand times heavier than 
gold, which we have no model to diſcover, nor can 
we ſcarcely form any reaſonable conjectures there- 
 - 
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We muſt therefore confine ourſelves to the ex- 
amination-and deſcription of the ſurface of the earth, 
and the moſt internal thickneſs to which we have 
penetrated. The firſt thing which preſents itſelf, 
is the immenſe quantity of water, which covers the 
greateſt part of the globe: this water always oc= 
cupies the | loweſt parts, always level, and per- 
petually tends to an equilibrium and reſt; ne- 
vertheleſs, we ſee it agitated by a ſtrong power, 
which oppoſing its tranquility impreſſes it with 
x periodical and regular motion, raiſes and low- 
ers the waves alternatively, and forms a coun» 
terpoiſe of the total maſs of the ſea, by diſturb- 
ing it to the greateſt depth. We know that 
this motion has been from eternity, and will re- 
main as long as the moon, and the ſun which cauſed 
them. 9159 0ST" 

By afterwards confidering the bottom of the fea, 
we ſhall remark there as many inequalitics as on the 
ſurface of the earth ; we ſhall find there eminen- 
ces, valleys, plains, depths, rocks, and foils of all 
kinds, we ſhall ſee that all iflands are only the ſum- 
mits of vaſt mountains, the feet and roots of which 
are covered with the liquid element; we ſhall there 
find ſummits of other mountains, which are near the 
top of the water, we ſhall there remark, rapid 
currents, which ſeem to be different from the ge- 
neral motion, we ſhall ſee them ſometimes. retro- 
gade never exceeding their bounds, which ap- 
pear as invariable as thoſe, which confine the ri- 
vers of the earth, In one part are ſtormy coun- 
tries, where the wind precipitates the tempeſts 
furiouſly, and where the ſea and heaven equally 
agitated, ſtrike againſt, and confound each other ; 
theſe inteſtine motions, boilings, drummings, and 
extraordinary agitations, cauſed by volcanos, the 
mouths of which, although buried under water, 
yet vomit fire tram the midſt of the waves, and 


ſend 
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ſend up to the clouds a vapour mixed with wa- 
ter, ſulphur, and bitumen. Farther I fee gulphs 
we dare not approach, and which ſeem to at- 
tract veſſels to inguiph them: beyond I perceive 
vaſt plains ever calm and tranquil, but quite as 
dangerous, where the winds have never exerciſed 
their power, where the art of the mariner be- 
comes uſeleſs, and where he muſt remain and 
periſh. At laſt caſting my eye to the extremities 
of the globe, I ſee enormous flakes of ice, which 
looſened from the continents of the poles, come 
like mountains, floating and melting to the more 
temperate regions. 

Theſe then are the principal objects which the 
vaſt empire of the ſea affords us, and thouſands of 
inhabitants of all kinds, people all the extent, 
Some covered with light ſcales traverſe the differ- 
ent countries: others loaded with a thick ſhell drag 
themſelves ſecurely along, and mark by their ſlow- 
neſs, their track in the {and : others, to whom na- 
ture has given fins in form of wings, make uſe of 
them to ratſe and ſupport themſelves in the air: and 
others, to whom all motion has been refuſed, grow 
and hve attached to rocks, &c. and all find their 
food in this element. The bottom of the ſea pro- 
duces in great abundance plants, moſſes, and ſtill 
more ſingular productions; the ſoil of the ſea is ſand, 
gravel, and often mud, and ſometimes ſolid earth, 
ſhells, rocks, and every where reſembles the earth 
we inhabit. 

Let us now travel on the dry part of the globe, 
what a prodigious difference of climate ? What va- 
r:ety 2 and what inequality of ſoil ? But let us mi- 
nul ey obſerve it, and we ſhall diſcover, that the 
greateſt cham of mountains is found neareſt the 
equation than the poles, than in the old continent, 
they extend from eaſt to welt, much more than from 
north to ſouth, and that in the new world, on the 

contrary, 
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contrary, they extend from north to ſouth, much 
more than from eaſt to weſt; but what is very re- 
markable, is, that the form of the mountains, and 
their circumference, which appear abſolutely irre- 
gular, have nevertheleſs, correſponding directions, 
to that the ſaillant angle of one mountain, is al- 
ways oppoſite to the returning angle of the neigh- 
bouring mountain, ſeparated from it, by a valley 
or depth. I obſerve alſo, that oppoſite hills have 
nearly the ſame height, and that in general, moun- 
tains occupy the middle of continents, and divide 
in the greateſt length, iſlands, and other high earths, 
I follow the direction of the longeſt rivers in the 
ame manner, and find, that they are always almoſt per- 
pendicular to the courſe of the ſea in which their 
mouth is inſerted, and in the greateſt part of their 
courſes, they proceed nearly as the chain of moun- 
tains, from which they take their ſecureſt direction. 
By afterwards examining the ſhores of the ſea, I find 
that they are commonly confined by rocks, marble, 
and other hard ſtone, or by earth and ſand, which 
has accumulated of itſelf, or which the waters have 
brought thither ; and I remark, that neighbouring 
coaſts, which are only ſeperated by an arm of the 
ſea, are compoſed of the like matters, and that the 
beds of the earth, are the ſame in the one, as in the 
other. I fee that volcano's are all found in the 
higheſt mountains, that there are a great num- 
ber, whoſe fires are entirely extinct, that ſome have 
ſubterraneous correſpondences, and that their explo- 
fions are made ſometimes at the ſame time. I 
perceive a ſimilar correſpondence between certain 
lakes and neighbouring ſeas : in one place, are 
floods and torrents, which loſe themſelves all at once, 
and precipitate themſelves into the earth; there 
internal ſeas; where a number of rivers bring an 
enormous quantity of water from all parts, without 


even increaſing this immenſe lake, which ſeems to 
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return by ſubterrancous paſſages, all which it, tes 


ceives by its borders, and forming a paſſage, I 


eafily diſcover the country anciently inhabited, I 
diſtinguiſh them from their new countries, whert 
the ſoil appears rude, where the rivers are filled with 


cataracts, and where the land is partly overflowed, 


marſhy or parched up, where the diſtribution of the 


waters is irregular, and where the uncultivated woods 
cover all the ſurface of the earth, which might pro- 
duce vegetation. 

Entering into a greater view, I find that the upper- 
moſt ſtrata which turrounds the globe is every where 
the ſame. That this ſubſtance which ſerves for the 
growth and nouriſhment of vegetables and animals, 
is itſelf onlya compofition of deſtroyedanimals, and ve- 
getable parts, in which the ancient organization is not 

rceptible. Penetrating ſtill farther, I find the true 
earth, I ſee beds of ſand, ſtone, argol, ſhells, mar- 
ble, gravel, chalk, &c. I remarked that theſe 


beds are always placed parallel to each other, and 


that cach is of the ſame thickneſs throughout 
its whole extent. I ſee that in neighbouring hills, 
the ſame matters are alike even, although ſeperated 
by deep and conſiderable intervals, I obſerve in all 
the beds of the earth, and even in the moſt ſolid ſtrata, 
as rocks, quarries of marble, ſtone, &c. there are 


cracks, which are perpendicular to the horizon, 


and that in the largeſt, as well as in the ſmalleſt 
depths, it is a rule which nature conſtantly purſues, 


I ſee beſides in the internal part of the earth, on the 


ridges of mountains, and in the moſt remote parts 
of the ſea, ſhells, ſkeletons of fiſhes, marine plants, 
&c. which are entirely fimilar to the ſhells, fiſhes, 
and actual living plants in the fea, I remark that 
there petrified ſhells are in a prodigious quantity, in 
an infinity of places, incloſed in the internal parts 
of rocks, and all other maſſes of marble and hard 
ſtone, as well as in chalk and earth; that as they 

are 
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are not only ſhut up in theſe matters, but that they 
are incorporated with them, petrified and filled with 
the ſame ſubſtance that ſurrounds them; at length, 
I find myſelf convinced, by reiterated obſervations, 
that marbles, ſtones, chalks, marl, ſand, and almoſt 
all terreſtrial ſubſtances are filled, with ſhells and 
all other matters of the ſea throughout the earth, 
and in every placewhere exact obſervations have been 
—_ (5k | 

All this depoſed, let us reaſon thereon _ 

The alterations which have happened to the ter- 
reſtial globe, in 2 ot 3000 years, are but very in- 
conſiderable, in compariſon of the revolutions which 
muſt have been made in the earlieſt time of creation 
for it is eaſy to demonſtrate, that all terreſtial mat- 
ters have acquired ſolidity, only from the continued 
action of gravity and other forces, which approach 
and unite together the particles of matter: the ſur- 
face of the earth muſt have been at the beginning, 
much leſs ſolid than it afterwards was, and that con- 
ſequently, the ſame cauſes which to day produces 
only almoſt inſenfible changes, in the ſpace of 
many ages, muſt cauſe very great revolutions in 
fact, it appears certain, that the earth actually dry 
and inhabited, has formerly been under water, and 
that the water was higher than the tops of the moun- 
rains, ſince we meet with many productions, which 
compared to the living ſhell fiſh are found to be the 
ſame, and that we cannot therefore doubr of their 
perfect reſemblance, nor the identity of their kinds; 
it appears alſo, that the water remained ſometime 
on this carth, ſince in every place we meet with 
ſuch prodigious banks of ſhells, that it is not poſſible 
ſo great a number of animals lived at one time: this 
ſeems alſo to prove, that although the matters which 
compoſe the ſurface of the earth, were in a ſtate of 
ſoftneſs, which rendered them cafily to be divided, 
moved, and tranſported by the waters, there mo- 

Vor. V. 81 | tions 
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tions were not made at once, but ſucceffively and by 
degrees: And as we ſometimes meet with ſca pro- 
ductions, at 1000 and 1200 feet depth, it appears 
that this thickneſs of the earth or ſtone being ſo con- 
fiderable, it required many years to produce it ; for 


when we would ſuppoſe that in the univerſal deluge 


all the ſhellfiſh were raiſed from the bottom of the 
ſea and tranſported over all the parts of the earth, 
that although this ſuppoſition would be difficult to 
eſtabliſh, it is evident, that as we find thoſe ſhells in- 
corporated and petrified in marble and the rocks of the 
higheſt mountains, we ought therefore to ſuppoſe that 
thoſe ſhells and rocks were all formed at one time, 
and preciſsly in the inſtant of the deluge ; and that 
having this great revolution there were neither moun- 
. tains, marble, nor rocks, nor chalk, nor any other 
matter ſimilar to thoſe we are at preſent acquainted 
with, which almoſt all contain ſhells and other ruin- 
ated productions of the ſea. Beſides, the ſurface of 
the earth, muſt, at the time of the deluge, have ac- 
quired a confiderable degree of ſolidity, fince gravity 
had acted on the matters which compoſed it, for 
more than fixteen centuries, and conſequently it does 
not appear poſſible that the waters of the deluge were 
able to overturn the earth at the ſurface of the globe 
to ſuch great depths in ſo little time as the univerſal 
inundation laſted, | 

But without dwelling on this point, which will 
be hereafter diſcuſſed I ſhall confine myſelf to obſer- 
vations which are conſtant, and to facts which are 
certain. We cannot doubt, but that the waters re- 
mained on the ſurface of the earth we inhabit, and 
that conſequently this ſurface of our continent has 
for ſome time been the bottom of the ſea, in which 
every thing paſled as it actually paſtes in the fea at 
preſeut; befides, the ſtrata of the different matters 
which compoſe the earth, being as we have re- 
marked, placed parallel and even, it is evident 


that 
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hat this poſition is the work of the waters, which 
have collected and accumulated by degrees thoſe 
matters, and have given them the ſame ſituation as 
the water itſelf takes. i. e. that horizontal fituation 
which we almoſt every where obſerve ; for in plains 

the ſtrata are exactly horizontal, and it is only in 
mountains where they are inchned, from their bein 
formed by the ſediment depoſited on an inclined baſe, 
Now, I ſay, that theſe ſtrata were formed by de- 
grees and not all at once by any revolution whatever 
becauſe we often find ſtrata of heavier matter placed 
on the ſtrata of a much lighter, which could not be, 
if, as ſome authors will have it, all theſe matters de- 
poſited and mixed at the ſame time in the water, were 
afterwards precipitated to the bottom of this element; 
becauſe, then they would have produced quite another 
compoſition, than that which exiſts. The heavieſt 
matters would have deſcended the firſt and the loweſt, 
and cach would be arranged according to its ſpecific 
gravity, in an order relativeto its particular weight, 
and we ſhould not find mafhve rocks on light ſand, 
no more than coal, argol, clay, marble, and metals 
upon ſand, 

One thing to which we ſhould pay attention, and 
which confirms what we have juſt ſaid on the forma- 
tion of the ſtrata by the motions and ſediment of the 
water, is, that all the cauſes of revolution or change 
on the globe cannot produce the like effects, the 
higheſt mountains are compoſed of parallel ſtrata, 
as well as the loweſt plains, and confequently we 
cannot attribute the origin and formation of moun- 
tains to earthquakes, &c. no more than to Volcano's, 

and we have proofs that if ſmall eminences are ſome- 
timꝛcs formed by theſe convulſive motions of the earth, 
they are not compoſed of parallel ſtrata, that the 
matter of theſe ſtrata have internally no bond, no re- 
cular poſition, and that theſe ſmall hills formed by 
Volcano's, preſent to the ſight only the diforder of 
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a heap of matter thrown confuſedly together; but 
this kind of organization of the earth which we every 
where diſcover, this horizontal and parallel fituation 
of the ſtrata, cannot proceed but from a conſtant 
cauſe and a motion always regulated and directed in 
the ſame manner. 

We are therefore aſſured by exact obſervations, 
reiterated and founded on in@nteſtable facts, that 
the dryeſt part of the globe which we inhabit, has 
been a long time under water. Conſequently this 
earth endured all that time, the ſame motions, 
changes, &c. which the earth now covered by the 
ſea actually undergoes, It appears, that our earth 
was once the bottom of the ſea ; to find therefore 
what formerly paſſed on this earth, let us ſee what 
at preſent paſſes at the bottom of the ſea, and from 
thence we ſhall derive reaſonable inductions on the 
external form and the internal compoſition of the 
earth we inhabit. 

Let us therefore remember, that the ſea had, from 
the creation, a motion of flux and reflux cauſed prin: 
cipally by the moon; that this motion which twice 
in twenty-four hours raiſes and falls the water, is 
performed with greater power under the equator than 
in any other climate; let us alſo remember, that the 
earth has a rapid motion round its axis, and conſequently 


a greater centrifugal force towards the equator than 


in all the other parts of the globe. That this alone 
independent of actual obſervations and meaſurements 
proves to us, that it is not perfectly ſpherical, but 
that it is more elevated under the equator, than on 
the poles, and let us conclude from theſe firſt ob- 
ſervations, that whenever it is ſuppoſed that the 
earth came from the Creator's hands perfectly round, 

(a free ſuppoſition which marks the narrow circle of 
our 1deas) its diurnal motion and that of the flux and 
reflux would have by degrees raiſcd the parts of the 
equator, by ſueceſſively bringing there mud, earth, 


ſhells, 
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tells, &c. &c, thus the greateſt irregularitics of the 
globe muſt be found, and are, in fact, found near 
the equator, and as this motion of flux and re- 
flux is made by diurnal alternatives, and repeated 
without interruption, it is very natural to imagine 
cach time the water carries a ſmall quantity of 
matter from one part to another, which afterwards 
falls like a ſediment to the bottom of the water, and 
forms theſe parallel and horizontal ſtrata every where 
to be met with; fer the whole motion of the water 
in the flux and reflux being horizontal, the matters 
carried away with it have neceſſarily followed the 
ſame direction, and are all arranged parallel and 
even. 

But it may be ſaid, as the motion of flux and re- 
flux is an equal counterpoiſe of the water, a kind of 
regular oſcillation, we cannot ſee why all ſnould not 
be compenſated, and the matters brought away by 
the flux, ſhould not be returned by the reflux, and 
from thence the cauſe of the formation of the ſtrata 
would dif» ppear, and che bottom of the ſea would 
always remain the ſame, the flux deſtroying the ef- 
fects of the reflux, both theoneand the other therefore 
would not be able to cauſe any motion or ſenſible altera- 
tion in the bottom of the ſea, or ſtill leſs change the 
primitive form of it by producing height and ine- 
qualities thercin. 

To this I anſwer, that the counterpoiſe of the water 
is not equal, ſince it produces a continual motion 
of the ſea from the eaſt to the weſt ; that beſides the 
agitations cauſed by the winds, oppoſes the equality 
of the flux and the reflux, and from all the motions 
of which the ſea is ſuſceptible, there will always re- 
ſult tranſportations of earth and depoſits of matters in 
certain places; that theſe maſſes of matters will be 
compoſed of parallel and horizontal ftrata, the va- 
rious combinations of the motions of the ſea always 
tending to move the earth and to level it 

where 
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where it falls in form of a ſediment; but likes 
wiſe, it is eaſy to anſwer this obſervation by one fact, 
which is, that wherever the flux and reflux is 
obſeryed, in all the coaſts which border the ſea, 
we find hat the flux brings an infinity of things 
which the reflux does not carry back, that there 
are foils which the ſea infenfibly covers, and 
others which it wears bare, after having brought 
thither carth, ſand, ſhells, &c. which it depoſits, 
and which naturally takes an horizontal ſituation, and 
that the matters zccumulated by the courſe of time 
and raiſed to a certain point, find themſelves out of 
the reach of the water, erwards remain in a ſtate 
of dryneſs, and make à part of the terreſtrial con- 
r1nents. ; 

But not to have any doubt on this important point, 
let us narrowly examine the poſſibility or impoffi- 
bility of the formation of a mountain in the 
bottom of the ſea, by the motion and ſediment 
of the waters. No one can deny that on a coaſt 
where the ſea beats with violence 1a the time it is agi- 
tated by the flux, its reiterated efforts produce no 
change, and that the water does not carry away a 
{mall portion of the earth each time, and wherever 
it is bounded by rocks, we know that water by de- 
grees wears away theſe rocks, and conſequently car- 
ries away ſmall parts each time the wave retires, theſe 

rticles of earth and ftone will neceſſarily be tranſ- 
ported by the water to a certain diftance, and into 
places where the motion of the water being abated, 
and theſe particles left to their own weight, 
they will precipitate to the bottom of the water in form 
of a ſediment, and there form a firſt horizontal or in- 
clined ftrata, according to the poſition or the ſurface 
of the ſoil on which they fall, which will ſoon be co- 
vered with another fimilar ftrata produced by the like 
cauſe, and infenfibly theſe will form in this part a 
conſiderable depoht of matter, the ſtrata of which 


will 
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will be placed parallel to each other; this ſtrata will 
increaſe by the new {ſ{ediments which the water 
will tranſport thither, and by degrees in ſucceſſion 
of time, theſe will form an elevation or mountain at 
the bottom of the tea, which will be fimilar to the 
eminences and mountains we are now acquainted 
With on the earth, as well with reſpect to the internal 
compoſition as the external form. If ſhells are found 
in this part of the fea where we ſuppoſe our depoſit to 
be made, the ſediments will cover them and fill 

them, they will be incorporated in the ſtrata of this 
depofited matter, and will make part of the maſſes 
formed by their depofits, we thall there find them in 
the ſame tituation they acquired in falling, for in this 
operation thoſe which will be found at the bottom of 
the fea when the firſt rata ſhall be depofited, will be 
found in the loweſt, and thoſe which will be fallen in 
this tame ſpot will be found in the more elevated 
ſtrata. 

So likewiſe, when the bottom of the ſea is moved 
by the agitation of the waters, there will neceffarily 
eaſue tranſportationsof thells, mud, earth, and other ex- 
pert matters into certain places where they will depoſit 
in form of ſediment, Now, we are aſſured by Divers, 
that at the greateſt depths to which they can deſcend, 
1.e. 20 fathom, the bottom of the ſea is moved ſo 
much that the water mixes with the earth, becames 
troubled, and that the mud and ſhell fiſh are carried 
by the motion of the waters to confiderable diftances, 
conſequently in every part of the fea, to which we 
can dive, tranſportations of earth and ſhells are made, 
ſome part of which falls and forms parallel ſtrata and 
eminences, which are compoſe. Hike our mountains; 
therefore the flux and reflux, the wind, the currents 
and all the motions of the waters, will produce ine- 
qualities at the bottom of the fea, becauſe all theſe 
cauſes looſen from the bottoma or fides of the fea, 


matters, which afterwards precipitate in form of ſe- 
diment. 
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On the whole, we muſt not think that theſe trarif 
portations of matters cannot be made to great diſtan- 
ces, ſince we every day ſee grains and other pro- 
ductions of the Eaſt and Weſt Indies arrive on our 
coaſts, particularly on thoſe of Scotland and Ire- 
land; in fact, they are ſpecifically lighter than the 
water, whereas the matters of which we ſpeak are 
heavier ; but as they are reduced into an impalpa- 
ble power, they will ſuſtain a long time in the water, 
ſo as to be tranſported to great diſtances. 

Thoſe who pretend that the ſea is not ſtirred at 
great depths, do not conſider that the flux and re- flux 
ſhake and agitate at once the whole maſs of the ſea, 
and that in a globe entirely liquid, there will be agi- 
tation and motion to the very center. That the force 
which produces the flux and re- flux, is a penetrating 
force, which acts on every part proportionably to 
its maſs; that we can even meaſure and deter- 
mine by calculation the quantity of this action on a 
liquid at different depths ; and, that in ſhort, this point 
cannot be conteſted but by refuſing the evidence of 
reaſon, and the certainty of obſeryations. 

I therefore can lawfully ſuppoſe, that the flux and 
re-flux, the wind and every other cauſe which can a- 
gitate the ſea, muſt by the motion of the waters pro- 
duce eminences and inequalities at the bottom of the 
ſea, which will be always compoſed of horizontal or 
equally inclined ſtrata. Theſe eminences with time, 
may augment conſiderably and become hills, which 
in a long extent of ſoil, will be found like the waves 
which produced them in the ſame direction, and b 
degrees will form a chain of mountains, Theſe heights 
once formed, will form an obſtacle to the motion of 
the water, and there will reſult particular motions in 
the general motion of the ſea. Between two neigh- 
bouring heights, a current will be neceſſarily formed, 
which will follow their common direction, and will 
low as the rivers of the earth flow, by forming a 


canal 
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canal whoſe angles will be alternatively oppoſite in 
the whole extent of its courſe. Theſe heights formed 
above the ſurface of the deep, will ftill more and 
more increaſe, for the water, which will only have 
the motion of the flux, will depoſit on the ridge the - 
common ſediment, and thoſe which will obey the 
current; will drag along with them, at a diſtance, 
the parts which would be depoſited between both; and, 
at the ſame time; they will hollow a valley at the foot 
of theſe mountains, whoſe angles will be correſpond- 
ent, and by the effect of theſe two motions and de- 
poſits, the bottom of the ſea will ſoon be found tra- 
verſed with hills and chains of mountains, and ſcatters» 
ed with inequalities, ſuch as we at preſent meet with. 
By degrees the ſoft matters of which the eminences 
were at firſt compoſed, will be hardened by their 
own weight; ſome forming parts pany angular, 
will produce hills of clay which we find in many 
parts ; others compoſed of _ and chriſtalline 
parts, have made theſe enormous mafles of rocks and 
flints, from which we extract the chriſtal and other pre- 
cious ſtones : others formed 'of ſtony parts mixed with 
ſhells, have formed thoſe beds of ftone and marble, 
where we every day meet with ſhells, &c. and others 
compounded of a matter ſtill more ſhelly and terre- 
ſtrial, have produced marl, chalk and earths, All 
are placed by beds, all contain heterogeneous ſubſtan- 
ces; the wrecks of marine productions are found there 
ia abundance, and nearly according to the relation of 
their weight ; the lighteſt ſhells are in chalk, the hea- 
vieſt in argol and ftone, and they are filled even with 
the matter of the ſtones and earths wherein they have 
been ſhut up: An inconteſtible proof that they have 
been tranſported with the matter which ſurrounds and 
fills them, and that this matter was reduced into im- 
palpable particles : in ſhort, all theſe matters whoſe 
ſituation was eſtablithed by the level of the waters 


of the ſea, will {till preſerve their firſt poſition. 
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It might be ſaid, that moſt hills and mountains, 
whoſe ſummits are rock, ſtones or marble, have the 
lighteſt matter for their baſe, which are generally 
either little mountains of firm and ſolid clay, or ftrata 
of ſand, which we find in the neighbouring plains ; 
and it will be aſked, how it happens that theſe mar- 
bles and rocks are found above the ſands and clays. 
This appears to me eafily and very naturally explain- 
ed. The water at firſt tranſported the clay or 
ſand, which formed the firſt ſtrata at the bottom of 
the ſea, which produced at bottom, an eminence 
compoſed of all this ſand or clay collected to- 
gether. After that the more firm and heavy matters, 
Which are found above, will be attached and tranſ- 
ported by the water in an impalpable powder above 
this eminence of clay or ſand, and this ſtony powder 
will have formed rocks and quarries which we find on 
the tops of hills. It might be thought that being 
the heavieſt, theſe matters were formerly below the 
others, and that they are at preſent above, becauſe 
they have been raiſed up and tranſported by the mo- 
tion of the water, | 
To confirm what we have ſaid, let us ſtill more 
clearly examine the ſituation of matters which com- 
poſe this firſt thickneſs of the terreſtrial globe, the 
only one which we are acquainted with, The quar- 
ries are compoſed of difterent beds of ſtrata almoſt 
horizontal, or. inclined according to the ſame di- 
rection; thoſe which are depoſited on clay, or on 
baſes of other ſolid matters, are ſenfibly even, eſpe- 
cially in planes. The quarries wherein we find flints 
and gres, have indeed a leſs regular poſition, never- 
theleſs the uniformity of nature does not fail of dif- 
covering itſelf ; for the terreſtrial poſition either al- 
ways equally inclined from the ſtrata, is found in 
quarries of ſtone and in thoſe of gres in great maſles ; 
it is only interrupted and changed in quarries. of 
flint and gres in {mall maſſes, the formation of which 
71 we 
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we ſhall ſhew is poſterior to that of all other mat- 
ters; for ſtone, vitrifiable ſand, argol, marble, 
calcinable ſtone, chalk and mar], are all diſpoſed in 
parallel ſtrata, always horizontally or equally in- 
clined. We eaſily diſcover the firſt formation in 
theſe matters, for the ſtrat are exactly horizontal 
and very thin, and are arranged as are the other, like 
the leaves of a book ; the ſtrata of ſand, ſoft argol, 
hard clay, chalk and ſhells, are alſo all either ho- 
rizontal or inclined according to the ſame direction, 
the thickneſs of the ſtrata are always alike through- 
out all their extent, which often occupies a ſpace of 
many miles, and which we might follow much far- 
ther, if we exactly obſerved it. In ſhort, all matters 
- which compoſe the firſt thickneſs of the globe, are 
diſpoſed after this manner, and -whatever part we 
ſtrip off, we ſhall find ſtrata, and be convinced by 
our eyes of what we have juſt advanced. 

In ſome reſpects we mult except the ſtrata of ſand 
and gravel carried along the tops of the mountains by 
the inclination of the waters. Theſe veins of ſand 
are found ſometimes in plains wherethey extend very 
conſiderably, they are generally placed under the 
firſt ſtrata of earth, and in flat places they are as even 
as the oldeſt and moſt inward ſtrata ; but, at the foot 
of mountains theſe ſtrata. of ſand are very inclined, 
and follow the direction of the height from which they 
have flowed. Rivers and rivulets have formed theſe 
ſtrata, and by often changing their bed in plains, 
they have dragged with them, and every where de- 
poſited theſe. ſands and gravel, A ſmall rivulet 
flowing from neighbouring heights, ſuffices with 
time to extend a ſtrata of ſand or gravel over all the 
ſuperſluities of a valley however ſpacious it is, and I 
haveoften obſervedin countries ſurrounded with hills, 
whoſe baſe is clay as well as the firſt ſtrata of the 
plain, as above arivulet which flows there, the clay 
is found immediately under the earth; and below the 

rivulet 
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.rivulet there is the thickneſs of a foot of ſand on the 


clay which extends a conſiderable way. Theſe ſtrat 


produced by the rivers and other running waters, 


are not of ancient formation, they are eafily percep- 
tible by the difference of this thickneſs, which varies 
and is not every where the ſame like thoſeof theancient 
ſtrata, by theſe frequent interruptions, and in ſhort, 
by the matter itſelf, which is eafily to be diſcovered 


to have been waſhed and rounded. We may ſay the 
ſame of the ſtrata of turf and periſhed vegetables 


which are found below the firſt ſtrata of earth in 
marſhy lands: thoſe ſtrat are not ancient and pro- 
duced by the ſucceſſive heaping of trees and plants, 
which by degrees have filled theſe marſhes, it is the 
ſame with thoſe muddy ſtrata which the inundation 
of floods have preduced in different countries ; all 
theſe ſoils have been newly formed by running or 
ſtagnant waters, and they do not follow the equal 


inclination, or the evenneſs to earth as the ſtrata an- 


ciently produced by the regular motion of the waves 

of the ſea. In the ſtrata formed by the rivers, we 
fnd fluviatile ſhells, but there are few marine, and 
what few are found, are broken, diſplaced, and 
is olated ; whereas the marine ſhells are formed in 
great quantities in the ancient ſtrata; there ate no 
fluviatile ſhells there, and the ſea ſhells are well pre- 
ſerved and all placed in a like manner, as having 
been tranſported and depoſited at the ſame time and 
by the ſame cauſe : in fact, why do we not meet 
with matter irregularly heaped up inſtead of finding 
them in ſtrata ? why are not marble, ſtone, chalk, 


marl, &c. diſperſed or joined by irregular or vertical 
| firata ? why are not the heavieſt things below the 


lighteſt ? It is caſy to perceive that this uniformity of 


nature, this organization of the earth, this junction 


of different matters by parallel ſtrata and beds, with- 


out reſpe& to this weight, have not been produced 


but by a cauſe as powerful and as conſtant as the 
Rs FEY agitation 
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agitation of the water, whether by the regular mo- 
tion of the winds, or by that of the flux and reflux, 
&. WE . : ; 

Theſe cauſes act with greater power under the 
equator than in other climates for the winds are the 
more conſtant, and the tides more violent than elſe · 
where ; the greateſt chain of mountains alſo, are 
near the equator ; the mountains of Africa and Peru, 
are the higheſt known, and after having traverſed 
whole continents, they ſtill extend to very confi- 
derable diſtances under the ocean. The moun- 
tains of Eurepe and Aſia, which extend from Spain 
to China, are not ſo high, as thoſe of South America 
and Africa, 'The mountains of the ' North are, by 
the relation of trayellers, only hills in compariſon 
of thoſe of the ſouthern countries; beſides, the num- 
ber of iſlands is very inconfiderable in the northern 
ſeas, whereas there is a prodigious quantity in the 
torrid zone, and as an iſland is only the top of amoun- 
tains, it is clear that the ſurface of the earth has 
many more inequalities towards the equator, than 
towards the north. ö | 

The general motion therefore of the flux and 
reflux, has produced the greatet mountains, 
which are found directed from the weſt to the 
eaſt in the old continent, and from the north to 
ſouth in the new, the chains of which are of a very 
conſiderable extent; but, we muſt attribute to the 
particular motibn of currents, winds, and other ir- 
regular agitations of the ſea, the origin of all other 
mountains; they have probably been produced by 
the combination of all theſe motions, of which we 
{ce the effects muſt be varied, ad infinitum, fince the 
wind, the different poſition of iflands and coaſts, 
have at alltimes changed, in all poſfible directions the 
flux and reflux : therefore, it is notat all aftoniſhing, 
that we find conſiderable eminences on the globe, 
waoſe courſes are directed towards different points. 


It 
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It is ſufficient for our purpoſe, to have-demonſtrated 
that mountains have not been placed at random, 
nor produced by earthquakes, or other accidental 
cauſes ; but, that they are an effect reſulting from the 
general order of nature, as well as a kind of orga- 
nization which is proper to them and the poſition of 
matters which com poſe it. 

But how has it happened that this earth which we 
inhabit, and our anceſtors have inhabited before us, 
which has been a dry continent for time immemorial, 
mut up and remote from the ſea, having formerly 
been the bottom of a ſea, is actually larger than all 
the water, and is ſo diſtinctly ſeparated from it? 
Why did not the water remain on this earth, ſince 
it ſtayed, there ſo long? What accident, what cauſe 
has been able to produce this change in the globe? 
Is it poſſible to conceiveone powerful enough to per- 
form ſuch an effect? 

Theſe queſtions are difficult to be reſolved ; but 
the facts being certain, the manner in which they 
have happened may remain unknown without doing 
any prejudice to the judgment we form; nevertheleſs, 
if we reflect thereon, we ſhall find by induction 
very plauſible reaſons for theſe changes. We daily 
ſee the ſea gain ſome land on certain coaſts, and loſe 
it on others, we know that the ocean has a general 
continued motion from eaſt to weſt, we hear trom 
far, the terrible efforts which the ſea makes againſt 
the lowlands and againſt the rocks u iich confine it; 
we know of whole provinces which are obliged to 
oppoſe dykes which the induſtry of men can hardly 
ſupport againſt the rage of the fea; we have re- 
cent examples of countries ſunk under water. 
Hiſtory ſpeaks farther of ſtill greater inundations and 
deluges : muſt not all this incline us to believe, that 
in fact great revolutions have happened on the 
ſurface of the earth, and that the ſea has gone from 
and left naked the greateſt part of the earth it formerly 

covered ? 
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covered? It we a moment give way to ſuppoſe the 
old and new world formerly made but one continent, 
and that by a violent earthquake the land of the old 
Atlantic of Plato is ſwallowed up, the ſea will ne- 
ceſſarily have flowed from all ſides to form the Atlan- 


tic ocean, and conſequently will have left dry vaſt. 


continents, which are poſſibly theſe we inhabit. 
This change therefore might be made all at once by 
the opening of ſome vaſt cavern in the internal part 
of the globe, and poſſibly produce an univerſal de- 
luge : or poſhbly this change was not made all at 
once, and it perhaps required ſome time, but, at 
length it was done, and I even think very naturally 
ſo, for to judge of what has happened, as likewiſe 
of what will happen, we have only to examine what 
does happen. It is certain, by the reiterated obſer- 
vations of travellers, that the ocean has a conſtant 
motion from eaſt to weſt: this motion is felt not only 
between the tropics, as the eaſt wind, but alſo 
throughout the extent of the temperate and frigid 
zones: from this obſervation, it follows, that the 
Pacific ocean makes a continual effort againſt the 
coaſts of Tartary, China and India; that the Indian 
ocean makes an effort againſt the oriental coaſt of 
Africa, and that the atlantic ocean acts in like man- 
ner againſt all the eaſtern coaſts of America. There- 
fore the ſea ought and muſt always gain land on the 
caſtern coaſts and loſe it on the weſtern, This alone 
ſuffices to prove the poſſibility of this change of carth 
into ſea and ſea into earth, and if in fact, it is per- 
formed by this motion from eaſt to weſt, as there is 
a great appearance, can we not very probably con- 
jecture that the oldeſt country in the world is Aſia and 
all the eaſtern continent? That on the contrary Eu- 
rope and a part of Africa, and eſpecially the weſtern 
coaſts of theſe continents, as England, France, Spain, 
Mauritania, &c, are more modern lands? Hiſtory 

appears 
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appears here to agree with Phyrie, and to confirm this 
conjecture which 1s not without foundation. 

But there are many other cauſes which concur with 
the continual mation of the tea from eaſt to weſt, to 
produce the effect of which we ſpeak. How man 
countries are there not lower than the level of the ſea, 
and which are defended from it only by an iſthmus, 
a bank of rocks, or by ſtill weaker dykes ? The ef- 
forts of the waters will by degrees deſtroy theſe bar- 
riers, and then theſe countries will be overflown. Be- 
fides, do we not know, that mountains continuall 
lower by the rains which looſen the earth and waſh it 
into the valleys? Do we not know that floods waſh 
the earth and ſand from the plains and mountains into 
the rivers, which in their turn carry this ſuperfluous 

earth into the ſea ? Thus by degrees the bottom of 
the ſea is filled up, the ſurface of the continent lowered 
and levelled, and time is only required for the fea 
fucceſſively to take place of the earth. 

I ſpeak not of theſs remote cauſes which we foreſee 
leſs than we foretell, of theſe ſhocks of nature, the 
leaſt effect of which would be the cataftrophe of the 
world, the ſhock or approach of a comet, the abſence 
of the moon, the preſence of a new planet, &c. are 
ſuppoſitions on which it is eaſy to give ſcope to imagi- 
nation ; ſuch cauſes would produce every thing we 
would ſpeak of, and from one of theſe hypotheſis's, 
others and phyſical romances may be drawn, which 
their authors will call the Theory of the Earth. As 
hiſtorians we reject ſuch vain ſpeculations they term 
impoſſiblities, which, ſuppoſe the deſtruction of the 
univerſe, in which our globe, as a point of forſaken 
matter, eſcapes our ſight and is no longer an object 
worthy our regard; to ſee them, we muſt take it ſuch 
as it is, by well obſerving every part, and by induc- 
tions conclude the paſt from the preſent, in other 
reſpects the cauſes whaſe effect is ſo rare violent and 
ſudden, muſt not effect us, they are not to be met 


with 
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with in the common courſe of nature; but effects 
which every day happen, motions which ſucceed 
and renew themſelves without interruption, and con- 
Nant and reiterated operations, are our cauſes and 
oe | N 
Let us add examples thereto; let us combine the 
general cauſe with particular cauſes, and give facts; 
the detail of which will render apparent the different 
changes which have happened on the globe, either by 
the irruption of the ocean into the land, or by for- 
ſaking it when it became too high, 
The greateſt irruption of the ocean was that which 
produced the Mediterranean fea, Between two 
rromontories the ocean flowed with great rapidity 
through a narrow channel which afterwards formed a 
vaſt fea, covering a ſpace, which without includin 
the black ſea, is about ſeven times larger than 
France: This motion of the ocean through the 
ſtraits of Gibraltar is contrary to all the other mo- 
tions of the ſea in all the ſtraits which join ocean to 
ocean, for the general motion of the ſea is from eaſt 
to weſt, and that alone is from weſt to eaſt, which 
proves that the mediterranean ſea is not an ancient 
gulph of the occan, but that it has been formed by 
an irruption of water produced by ſome accidental 
cauſes, as an earthquake, which might have ſwal- 
lowed vp the earth in the ſtrait, or a violent effort 
of the ocean cauſed by the wind, which might have 
broken the dykes between the promontaries of Gib- 
raltar and Ceuta. This opinion is grounded on the teſ- 
timony of the ancients, who have written that the 
mediterranean ſea did not formerly exiſt, and it is as 
we ſee, confirmed by natural hiſtory, and by obſerva- 
tions made 6n the nature of the lands on the coaſt of 
Africa and that of Spain, where we meet with theſame 
beds of ſtone, the ſame ſtrata of earth above and be- 
low the ſtrait, nearly as in certain valleys where the 
Uu ä wo 
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two hills which ſur mount them are found to be com- 
poſed of the like matters and are of the ſame level. 
The ocean having therefore opened this door, at 
firſt flowed through the ſtrait with a much greater 
rapidity than at preſent, and overflowed the con- 
tinent which joined Kurope to Africa, The waters 
covered all the low countries, of which we at preſent 
only perceive the eminences and ſummits in Italy, 
and the iſlands of Sicily, Malta, Corſica, Sardinia, 
Rhodes, and Archipelago. 

I have not included the black ſea in this irrup- 
tion, becauſe the quantity of water which it receives 
from the Danube, Nieper, Don, and many other 
rivers which enter therein, is more than ſufficient to 
form it; and that beſides, it flows with a very great 
Tapidity through the Boſphorus into the mediterra- 
nean. It might alſo be preſumed that the Black and 
the Caſpian ſea formerly formed only two great 
lakes, which perhaps were joined by a ſtrait cf com- 
munication, or poſſibly by a morraſs, or a ſmall 
lake which united the Don and the Volga near Tria, 
where theſe two floods are very cloſe to each other; and 
it may be thought, that theſe two ſeas or lakes were 
formerly of a much greater extent than they are at 
preſent : by degrees theſe great rivers, whoſe mouth 
is in the Black and Caſpian ſeas, will have brought 
a ſufficient quantity of earth to ſhut up the commu- 
nication, fill the ſtrait and ſeparate theſe two lakes ; 
for we know that by time the greateſt rivers fill up 
ſeas, and form new continents, as the province at the 
mouth of the Yellow river in China, Louiſania at 
the mouth of the Miſſiſſipi, and the northern part of 
Egypt, which owes its origin and exiſtence to the 
inundations of the Nile. The rapidity of this river 
carries along with it the earth of the internal part of 
Africa, and depoſits it afterwards on its ſhore in ſuch 

reat quantities, that it may be found at the depthof 50 
ect, depoſited by the inundations of the Nile: ſo likewiſe 
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the ſtrait of the province of the Yellowriver and Lou- 
ifania are only formed by the ſoil of the rivers 
On the whole the Caſpian ſea is actually a real 
lake which has no communication with the other 
ſeas, not even with the lake Aral which ſeems to 
have been a part of it, and which is only ſeparated 
from it by a vaſt country of ſand, in which we find 
neither floods, rivers, nor any canal by which the 
Caſpian ſea may water it. This therefore has 
no communication with the cther ſeas, and I do not 
know whether we are not prop authorized 10 ſuſpect 
that it has internally one with the Black ſea or Per- 
ſian gulph. It is true the Caſpian fea receives the 
Volga, and many other floods which ſeems to furniſh 
it with more water than evaporation could riſe ; 
but, independent of the difficulty of this 2ſtimation, 
it appears, that if it had a comtaunication with one 
or other of theſe ſeas, it would have been diſcovered 
there by a rapid and conſtant current which would 
have ſwept every thing along with it towards 
this opening, which ſerve for the diſcharge of 
its waters; and I do not know whether any thing 
like this has ever been obſerved on that ſea : careful 
travellers, on whoſe teſtimony we can rely, affirm 
the contrary, and conſequently it is neceſſary that 
ſhould evaporation raiſe up from the Caſpian ſea an 
equal quantity of water to that which it receives. 
It may alſo be conjectured that the Black ſea 
will be one day ſeparated from the Medit. rranean, 
and that the Boſphorus will be filled, when the great xi- 
vers whoſe mouths are in the Port- Euxine, ſhall hav 
brought a ſufficient quantity of earth to ſhut up So 
ſtrait, which may happen in and by the ſucceſhve 
diminution of water in proportion as the mountains 
and highlands from which they drew their fource, 
lower by the devaſtation of the earth which the rains 
and the wind ſweep away. 
| The 
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The Caſpian ſea and.the Black ſea muſt therefore 
be looked upon rather as lakes than as ſeas or. 
gulphs, for they reſemble other lakes which re- 
ceive a great number of rivers, and which render 
none back by external roads as the Dead ſea, and 
many lakes in Africa, &c. In other reſpects, the 
two ſeas are not near fo ſalt as the Mediterrancan or 


the ocean: and all travellers affirm that navigation 


is very difficult on the Black ſea and on the Caſpian 
ſea, by reaſon of their ſhallowneſs and the quantity 
of ſhoals and quickſands there met with, ſo 
that none but ſmall veſſels can paſs, which ſtill 
proves that they muſt not be looked upon as 
gulphs of the ocean, but as maſſes of water formed 
by great rivers in the internal parts of the land. 
Perhaps a conſiderable irruptionof the occan would 
happen to the earth, if the iſthmus, which ſepa» 
rates Africa from Afia, was divided as the Kings of 
Egypt, and afterwards the Caliphs projected, and 
Ido not know whether the canal of communication 
pretended to be diſcovered hetween theſe two ſeas, 
is ſufficiently eſtabliſhed, for the Red ſea muſt be 
higher than the Mediterranean ; this narrow ſea is 
an arm of the ocean which throughout all its extent 


does not receive any river from the coaſt of Egypt, and 


very little from the other coaſts: it will not therefore 
be ſubje& to diminiſh like the ſea or lakes which re- 
ceive at the ſame time the earth and water which 
the river brings there, and which by degrees fill it. 
'The ocean ſupplies the red ſea with its water, and 


the motion of flux and reflux is extremely ſenſible 
there, therefore it directly participates of the move- 


ments of the occan. But the Mediterranean is lower 
than the ocean, ſince the water flows here with very 
great rapidity through the ſtrait of Gibraltar ; be- 
ſides, it receives the Nile, which flows parallel to 
the weſtern coaſt of the Red fea, which divides 
Egypt, the ſoil of which is extremely low : therefore 
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it is very probable that the Red ſea is higher than the 
Mediterranean, and if we put afide the barrier by 
cutting the iſthmus of Suez, a great inundation and a, 
confiderable augmentation of the Mediterranean will 
_ enſue, at leaſt if the waters are not retained by dykes 

and fluices at ſtated diſtances, as it is to be preſumed 
was formerly done, if the ancient canal of communi- 
cation had exiſted. 

But without dwelling longer on conjectures, which 
although founded, might appear too hazardous, eſpe- 
cially to thoſe who judge of poſſibilities only by actual 
events, we can give recent examples and certain facts 
of the change of the ſea into earth, and earth into 
ſea, At Venice the bottom of the Adriatic ſea 
raiſes every day, and the whole would have 
made part of the continent, if great care had 
not been taken to clean and empty the coaſts ; 
it is the ſame with moſt parts, ſmall bays, and in- 
lets of all rivers. + In Holland the bottom of the 
ſea alſo riſes in many places, for the little gulph of 
Juyderzee and the ttrait of the Texel cannot receive 
ſuch large veſſels as formerly; at the mouthof all rivers 
we find iſlands, ſands, earth broken and brought by 
the water, and it is not to be doubted that the ſea 
would fill in every part where it receives great rivers. 
The Rhine is loſt in the ſands itſelf has accumulated, 
the Danube and the Nile, and all the great floods 
having ſwept away much earth, no longer comes to 
the ſea by a ſingle canal, but has many mouths 
whole intervals are ſilled only with the fand or mud 
they have carried away; every day moraſſes dry up, 
lands forſaken by the ſea are cultivated, navigation is 
carried on even drowned countries; in ſhort, we ſee 
before our eye ſuch great changes of earth into water, 
and water into land, to be aſſured that theſe altera- 
tions are made, are ſtill made, and will be made, 4 
that in time gulphs will become continents, iſthmus's 
will be one day ftraits, moraſſes will be ſome day 
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lea, 

The waters therefore do cover and may yet cover 
ſucceltiively every part of the terreſtrial continent; 
hence we mult ceaſe our ſurpriſe to find every where 
marine productions, and a ſuppoſition which can onl 
be the work of the waters. We have obſerved, how 
the horizonta! ſtrata of the earth are formed, but we 
have as yet ſpoken nothing of the perpendicular di- 
viſions, remarked in rocks, quarries, &c. and which 
are as commonly found as ſtrata in all matters which 
compole the globe. "Theſe perpendicular ſtrata are 
in fact at a farther diſtance one from the other than 
the horizontal ſtrata, and the ſofter the matters are, 
the more diſtant theſe cracks are from each other; it 


lands, and the tops of our mountains the ſhoals of the 


- . . U FE 
is very common in quarries of marble or hard ſtone, 


to find perpendicular cracks, diſtant from each other 
only a few feet; if the maſs of rocks are very great, 
we find them ſome fathom diſtant, ſometimes they de- 
ſcend from the top of the rock to the bottom; often 
terminate in a lower bed of rock, but they are al- 


ways perpendicular to the horizontal ſtrata in all cal- 


cinable matters, as chalk, ſtone, marl, marble, &c. 
whereas they are more oblique and irregularly placed 
in vitrifiable matters, in quaries of gres and flint, where 
they are internally adorned with chryſtal points, and 
minerals of all kinds, and in quarries of marble and 
calcinable ſtone, they are filled with ſpar, gypſum 
gravel, and an earthy ſand, good for the purpoſe of 
building, and which contains much lime; in clay 
chalk, marl, and every other kind of earth excepting 
turf, we find theſe perpendicular cracks, either empty 
or filled with ſome matters which the waters has con- 
ducted thither. 


It appears, that we muſt not ſeek farther for the 


cCauſe and origin of theſe perpendicular cracks; as 


all matters have been carried and depoſited by the 
waters, it is natural to think that they were moiſtened 


and 
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and at firſt contained a great quantity of water, by 
degrees they hardened, and in drying leſſened their 
volume, which cauſed them to ſplit; they muſt 
have ſplit perpendicularly, becauſe the action of the 
weight of the parts one on the other is not in this di- 
rection, and on the contrary perfectly oppoſed to 
this diſruption in an horizontal ſituation, which has 
cauſed the diminution of the volumes to have any 
ſenfible effect but in a vertical direction. I ſay, that 
it is the diminution of volume by drying, which alone 
has produced theſe perpendicular cracks, and not the 
water contained in the internal part of theſe matters, 
which ſeeking for a place to iiſue out at, cauſed theſe 
eracks : for J have often obſerved that the two ſides 
of thoſe cracks anſwer throughout their whole height 
as exactly as two ſplit pieces of wood, their inſide is 
rough and does not appear to have endured the fric- 
tion of the water, which would have poliſhed the ſur- 
face; therefore, theſe cracks are either made all at 
once, or by degrees in drying, as we ſee flaws in 
wood are made, and the greateſt part of the water 
is evaporated through the pores. The divifion of 
theſe perpendicular cracks raiſes greatly with reſpect 
to fize, ſome being only half an inch, and others 
a foot or two feet, there are ſome which often are 
many fathom, and there form between the two parts 
of the rock thoſe precipices ſo often met with in the 
Alps and other high mountains; thoſe which are 
ſmall are produced by the drying alone, but thoſe 
which e. an opening ſeveral feet broad are not 
increaſed to that point, by this cauſe alone: itis alſo 
occaſioned by the baſe which bears the rock, which is 
ſunk a little more on one fide than the other, and a ſmall 
ſinking in the baſe; for example, of a line or two is 
ſufficient to produce openings many feet wide in a 
confiderable height: ſometimes alſo rocks give a 
little clay or ſand on their baſe, and the perpendi- 
cular cracks become larger by this motion, I do not 

yet 
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yet ſpeak of thoſe large diviſions formed in rocks and 
mountains; they were produced by great ſinkings; 
like as that of a cavern would be which not bein 
able longer to ſupport the weight with which it is 
loaded, gave way and left a conſiderable interval be- 
tween the upper earth: thoſe intervals are different 
from perpendicular cracks, they appear to be va- 
cancies opened by the hands of nature for the commu- 
nication of nations. It is in this manner, which the 
vacancies preſent themſelves in the chains of moun- 
tains and diviſions of the ſtraits of the ſea, as the 
Thermopy les, the ports of Caucaſus, Cordiliers, and 
the extremity of the ſtrait of Gibraltar, between the 
mountains Calpa and Aby la, the entrance of the 
Helleſpont, &c. thoſe vacancies have not been found 
by the ſimple ſeparation of matters, as the cracks we 
ſpeak of, but by the ſinking and deſtruction of a part 
of the lands themſelves which have been ſwallowed 
up or overturned. 3 
Theſe great ſinkings, although produced by acci- 
dental cauſes, do, notwithſtanding, hold one of the 
firſt places in the principal circumſtances of the hiſto 
of the earth, and they have not a little contributed to 
change the face of the globe: the greateſt numbers 
are cauſed by internal fires, whoſe explofions cauſe 
earthquakes and volcano's; nothing is comparable 
to the force of thoſe inflamed and confined matters in 
the bowels of the earth; we have ſeen cities ſwal- 
lowed up, provinces ' overturned, mountains over- 
thrown by their effort. But however great their vi- 
olence is, however prodigious the effects appear, we 
muſt not think that this fire proceeds from a central 
fire, as ſome authors have written, nor even that 
they proceed from a great depth, as is the com- 
mon opinion; for air is abſolutely neceſſary 
for their ſupport: it may be aſſerted upon exa- 
mining the matters which iſſue from volcano's 
in the moſt violent irruptions, that the forces of 
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the inflamed matters is not at any great depth, and 
that they are ſimilar matters to thoſe found on the 
earth of mountains, which are disfigured only by 
the calcination and melting of the metallic parts 
mixed therewith; and to convince, that theſe mat- 
ters caſt out by the volcanos do not come from any 
great depth, we have only to conſider the height of 
the mountain, and judge of the immenſe force that 
would be neceſſary to force out ſtones and minerals to 
the height of half a mile; for Etna, Hecta, and 
many other volcanos are at leaſt that height from the 
plains. Now eit is known that the action of fire is 
made in every direction; it cannot therefore be ex- 
erciſed upwards with a force capable of throwing out 
large ſtones to the height of halt a mile, without re- 
acting with the ſame force downwards, and towards 
the ſides ; this re- action would have ſoon deſtroyed 
and pierced the mountain on every fide, becauſe the 
matters which compoſe it are not harder than thoſe 
which arethrownout ; and, how is it to be umagined that 
thecavity which ſerves for barrelor cannon to conduct 
thoſe matters to the mouth of the volcanos, could 
refiſt ſuch great violence? Befides, if this cavity de- 
ſcended ſo low, as the external orifice is not very 
great, it would be as impoſſible for ſo great a quan- 
tity of inflamed and liquid matter to iſſue out at 
once, becaule they would ſtrike againſt each other 
and againſt the fides of the tube, and by going thro” 
ſo great a ſpace, they would be extinguiſhed and 
hardened. From the ſummit of the mountain we 
often ſec flow into the plains, rivers of bitumen, and 
melted ſulphur, which comes from within, and 
which are thrown out with the ſtones and minerals : 
it is natural to imagine that matters ſo little ſolid, 
and whoſe maſs gives ſuch little force to a violept 
action, could be thrown out from ſo great a depth : 
all the obſervations which may be made on this ſub- 
ject will prove that this volcanian fire is not far dif- 
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tant from the ſummit of the mountain, and that it 
even does not deſcend to a level with the plain. 

This however, does not prevent its action from 
being felt in thoſe plains by ſhocks and earthquakes 
which ſometimes extend to very great diftances ; or, 
that there may not be ſubterraneous ways through 
which the flame and ſmoke may communicate with 
another volcano, and that in this caſe they could 
not act and inflame almoſt at the ſame time, but 
it is from the focus of the confinement of which we 
ſpeak, it can only be at a ſmall diſtance from the 
mouth of the volcano, and it is not neceſſary to pro- 
duce an earthquake in the plain, that this focus be 
below the level of the plain, nor that there is internal 
caverns filled with the ſame fire; for a violent ex- 
ploſion, ſuch as that of a volcano, can, like that of 
a powder magazine, give ſo violent a ſhock, that by 
its re- action it may produce an earthquake. 

I do not pretend to ſay, that there are earthquakes 
immediately produced by ſubterraneous fires ; but, 
that there are ſome which proceed only from the 
exploſion of volcanos alone. What confirmes all I 
have advanced on this ſubject is, that it is very rare 
to meet with volcanos in plains; on the contrary, they 
are all in the higheſt mountains, and have all their 
mouths at the ſummit: if the internal fire which 
conſumes them extends below the plains, ſhould not 
we ſee in the time of theſe eruptions a paſſage open 
acroſs the plains, and during the firſt eruption, theſe 
fires, would they not rather have pierced the plains 
and the foot of mountains where they would have 
met with a weak refiſtance, in compariſon of that 
which they ought to meet with, if it is true that they 
have opened and ſplit a mountain half a mile high 
to find vent. 

What cauſes the volcanos to be always in the 
mountains, is that the minerals, pyrites, are found 
in a greater quantity and more expoled 1 in mountains 

than 
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than in plains, and that theſe loity laces receiving 
more readily, and in a greater quaatity the rain and 
other impreſſions of the air; theſe mineral matters 
expoſed there, ferment and heat to the point of be- 
ing inflamed. 

In ſhort, it has often been obſerved, that after vi- 
olent eruptions, during which the volcano threw out 
a very great quantity of matter ; the ſummit of the 
mountain ſunk and diminiſhed to ſupply the matters 
thrown out : another proof, that they do not proceed 
from the internal depth of the foot of the mountain, 
but from the neareſt part of the ſummit, and from 
the ſummit itſelf, 

Earthquakes have therefore, in many points pro- 
duced conſiderable ſinkings, and have cauſed ſome 
of the greateſt ſeparations found in the chain of 
mountains: all the reſt have been produced at the 
ſame time, as the mountains —— by the cur- 
rent of the ſea, and in every place where there has 
not been an overthrow, we find horizontal ſtrata and 
correſponding angles of mountains. Volcanos have 
alſo formed caverns and ſubterraneous excavations, 
which are eaſy to be diſtinguiſhed from thoſe formed 
by the water; which having waſhed away from the 
inſide of mountains, the ſand and other divided mat- 
ters, have left only the ſtones and rocks which con- 
tained theſe ſands and have thus formed caverns which 
we obſerve in high places; forthoſefoundinthe plains 
are commonly only ancient quarries or mines of ſalt 

and other minerals, as the quarry of Maſtricht and 
the mines of Poland, &c. which-are in plains ; but 
natural caverns belong to mountains, and they re- 

receive the water from the ſummit and environs, 
which fall therein as in reſervoirs, from whence they 
afterwards flow over the ſurface of the earth when 
they find vent. It is to theſe cavities that we muſt 
attribute the origin of ſprings, and when a cavern 
is filled, an inundation generally enſues, 
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What we have obſerved is every where to be ſeen, 
how greatly the ſubrerraneous fires contribute to 
change the ſurface and internal part of the globe: 
this cauſe is ſuthciently powerful to produce ſuch 
great effects; but it would not be believed that the 
world could cauſe any ſenſible alterations on the earth; 
the ſea appears to be their empire, and after the flux 
and reflux, nothing acts with greater power in this 
element: even the flux and reflux moves in a uni- 
form path, and their effects are performed in an 
equal manner, and which we foreſee; but if the im- 
petuous winds, if I may ſo expreſs myſelf, by ca- 
price, precipitate themſelves with rage, and agi- 
tate the ſea with ſuch violence, that in an inſtant this 

calm and tranquil plain becomes furrowed with waves 
as high as mountains, which break againſt the rocks 
and coaſts, The winds change therefore every mo- 
ment, the moveable face of the ſea ; but the face of 
the earth which appears to us ſo ſolid, is not ſubject to 
a like effect? We know, neyertheleſs, the wind raiſes 
lift-up mountains of ſand in Arabia and Africa, that 
they cover plains with it, and that they often tranſ- 
port ſands tv great diſtances and many miles 1n- 
to the ſea, where they collect in ſuch great quan- 
tities, as to form banks, downs, and iſlands, It is 
known that the hurricanes are the ſcourge of the 
Antiles, Madagaſcar, and other countrics, where 
they act with ſuch fury that they ſometimes tear up 
trees, plants, and carry off animals with all the cul- 
tivated land ; they cauſe rivers to aſcend and deſcend ; 
they overthrow mountains and rocks, they make holes 
and gulphs in the earth, and entirely change the ſur- 
lac of the unfortunate countries where they are found. 

Happily there are but few climates expoſed to the 
impetuous fury of theſe terrible agitations of the 
air. | 
Bua what produces the greateſt and moſt general 

changes in the ſurface of the earth, are the waters af 


the 


NATURAL HISTORY, 34 


the heavens, floods, rivers and torrents. Their firſt 
origin proceeds from the vapours, which the ſun 
raiſes above the ſurface of the ſea, and which the 
wind tranſport into every climate. Theſe vapours 
ſuſtained in the air and impelled at the will of the 
wind, fix on the ſummits of mountains they en- 
counter 1n their way, and thoſe accumulate in ſuch 
great quantities, that they continually form the 
clouds, and inceflantly fall in form of rain, dew, 
ſnow, &c, All theſe waters at firſt deſcend upon the 
plains without keeping any fixed courſe, but by de- 
grees, having hollowed their bed, and ſeeking by 
their natural bent the loweſt parts of the mountains, 
and the land the eaſieſt to divide or penetrate ; they 
have dragged away earth and ſand, they have formed 
rivers, by flowing with rapidity along the plains ; 
they have ſpread paſſages to the ſea, which receives 
as much water by its ſhores us it loſes by evapora- 
floods have hollowed, have ſinuoſities, &c. whoſe 
angles are correſpondent to each other, ſo that 
tion; and ſo likewiſe, the canals and ruts which the 
one of theſe waves forming a faillant angle in the 
land, the oppofite ſhore makes always an oppoſite 
one. The mountains and hills, which muſt be look- 
ed upon as the borders of the vallies which ſeperate 
them, have alſo correſponding finuofities after the 
ſame manner, which ſeems to demonſtrate that the 
vallies have been once currents of the ſeas which 
have by degrees hollowed them in the ſame manner 

as the floods have hollowed their bed in the earth. 
The waters on the ſurface of the earth, which ſup- 
ports its verdure and fertility, are perhaps only the 
ſmalleſt part of thoſe which the vapours produce: 
for there are veins of water which flow, and of 
moiſture which filter to great depths in the internal 
part of the earth. In certain places, in whatever part 
we dig, we are ſure to meet with ſprings in 
others, we find none at all. In almoſt all vallies = 
ow 
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low plains we ſeldom fail of finding water at a mo- 
derate depth: on the contrary, in all high places, 
and in all the plains in a mountain, we cannot draw 
it from the bowels of the earth, and are obliged to 
collect the waters of the heaven. There are coun- 
tries of a vaſt extent, where a ſpring has never been 
able to be dug, and where all the water which ſerve 
the inhabitants and animals, are contained in marſhes 
and ciſterns. In the eaſt, and eſpecially in Arabia, 
Egypt, Perſia, &c. the pits are extremely ſcarce, as 
well as the ſprings of freſh water, and thoſe people 
are obliged to make a great reſervoirs to collect the 
rain and ſnow water. Theſe works made for the 
public neceſſity, are perhaps the moſt beautiful and 
magnificent monuments of the eaſtern nations: there 
are reſervoirs which are two miles in ſurface, and 
which ſerve a whole province, by means of baths and 
ſmall rivulets on every fide. In other countries, on 
the contrary, as in the plains where the greateſt 
floods of the earth flow; we cannot dig far from the 
ſurface without meeting with water, and in a field 
ſituate on the environs of a river, it is met with at a 
few ſtrokes of a pick-a x. | 

This quantity of water found in every part of low 
places, comes from the higher lands and neighbour- 
ing hills, at leaſt, the greateſt part of it from rainy 
and ſnowy weather; a part of the waters flow on the 
ſurface of the earth, => the reſt penetrates it through 
the ſmall cracks of earth and rock : and this water 
ſprings up in different places where it finds vent, or 
elſe filters into the ſand, and where it finds a clayey, 
ſolid, or earthy bottom, it forms lakes, rivulets and 
perhaps ſubterraneous floods, whoſe courſe and 
mouth are unknown to us, but the motion of which, 
nevertheleſs by the laws of nature, cannot be made 
but by going from a higher place into a lower, and 
conſequently theſe ſubterraneous waters muſt fall in- 
to the ſea, where it collects in ſome low place of * 
earth, 
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earth, either on the ſurface, or in the internal part 
of the globe; for we know ſome lakes on the earth, 
in which there does not enter, and from which there 
does not iſſue any river, and there is a much greater 
number, which not receiving any confiderable ri- 
ver on the ſources of the greateſt floods of the earth, 
as the lakes of St. Laurence, the lake Chiam, from 
whence ſpring two great rivers which water the king- 
doms of Aram and Pega, the lakes of Aſſiniboils in 
America, thoſe of Ozera in Muſcovy, that from which 
the great river Irtis iſſues, &c. and an infinity of others 
which ſeem to be the reſervoirs from whence nature 
ſeems to pour from all fides, the waters ſhe diſtri- 
butes over the ſurface of the earth. We ſee then 
perfectly, that theſe lakes cannot be produced but 


by the waters of the upper lands, which flow by moſt. 


{ubterraneous canals by filtering the gravel and ſand, 
and all proceed to collect in the loweſt places, where 
great maſſes of water are found. On the whole, it 
muſt not be thought, as ſome have advanced, that 


lakes are to be found on the ſummit of the higheſt 


mountains; for thoſe found in the Alps and in all 


other lofty places, are always ſurrouuded by much 


higher lands, and are at the foot of other moun- 
tains perhaps more lofty than the firſt ; they derive 
their origin from the water which flows on the outſide, 
or filters within theſe mountains, the ſame as the wa- 
ters of the valleys and plains derive their ſources 


from the neighbouring hills and the more diſtant lands 
which o'ertop them. 


There muſt therefore be, and in fact is found, 


lakes and waters diſperſed in the bowels of the earth, 
eſpecially under plains and great vallies, and 
mountains, hills and all eminences, preſent either a 
perpendicular or inclined inclination, in the extent 
of which the waters which fall on the ſummit of the 
mountains and high plains, after having penetrated 


into 
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into the earth, cannot fail of finding vent, and iſſu- 
ing from many places in form of ſprings and foun- 
tains,” and conſequently there will be little or no was, 
ter in mountains. In plains, on the contrary, as the 
water which filters into the earth cannot find vent, 
there will be mailes of ſubtcrraneous waters in the 
cavities of the earth, and a great quantity of water 
which will ſweat through the rocks of clay and cloſe 
earth, or will be found diſperſed and divided in the 
gravel and ſand. It is this water which is found in 
low places ; in common the bottom of a pit is no- 
thing elſe but a baſon in which the waters which iſ- 
ſue — the adjoining earth, collect together by 
falling at firſt drop by drop, and afterwards in little 
ſtreams of water when the paths are open to the more 
remote waters; ſo that it is right to ſay, that al- 
though in low places we find water, we nevertheleſs 
can fink but ſuch a number of wells, proportionate 
tothe quantity of water diſperſed, or rather to the 
extent of the higher land from whence theſe waters 
derive their ſources. 

In moſt plains, it is not neceſſary to dig to the level 
of the river to find water; it is commonly met with 
at a leſs depth, and there is no appearance that the 
waters of floods and rivers extend far by filtering 
through the earth. We muſt likewiſe not attribute 
to them the origin of all waters found below their 
level in the bowels of the earth, for in torrents and 
rivers which dry up, and in thoſe whoſe courſe is 
turned, by digging in their bed, we never find more 
water than in the neighbouring lands; a narrow 
piece of land of five or fix feet thickneſs, is ſuffici- 
ent to contain the water and prevent it from eſcap- 
ing; and I have often obſerved, that the banks of 
brooks and pools are not fenfibly wet at fix inches 
diſtance, It is true, that the extent of filtration is 
more or leſs according as the ſoil is more or leſs pene- 
trable : but, if We examine the hollows found in the 


earth 
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earth and ſand, we ſhall perceive that the water all 


paſſes into the ſmall compaſs which it hollows of ir- 


ſelf, and that the banks are ſcarcely level at a few 
inches diſtance in the ſand; even in vegetable earth, 
where the filtration muſt be much greater than in the 
ſand and other earth, fince it is ed with the force 
of the capillary tube, we do not perceive it extend 
very far. Ina garden we abundantly water and in- 
undate one border without the earth, at a ſmall dif- 
tance feeling any thing conſiderable of it: I have re- 
marked by examining large pieces of garden ground 
eight or ten feet thick, which had not been ftirred for 
ſeveral years, and whoſe ſurface was nearly level; that 
the pain hadnever penetrated deeper thanthree orfour 
feet, ſo that by turning up this earth in ſpring after a 
very wet winter, I found the earth as dry as when it had 
been heaped together. I made the ſame obſerva- 
tion on earth collected for near two hundred years: 
below three ot four feet the earth was dry as duſt, ſo 
that water neither communicated nor extended ſo far 
as is thought by filtration alone. This mode only 
ſupplies the internal earth with the leaſt part; but 
from the ſurface to great depths the water deſcends 
dy its own weight: it penetrates by natural conduits 
or ſmall paths which opens of itſelf ; it follows the 
roots of trees, the cracks in rocks, the interſtices in 
earth, and divides and extends on all fides into an in- 
finity of ſmall branches and fibres, always deſcend- 
ing till it finds a vent, after having met with clay or 
ſome other ſolid body on which it collects. 


. 


It would be very difficult to make a juſt valuation 


of the quantity of ſubterraneous waters which have 


no apparent vent. Many people have pretended 
that it greatly ſurpaſſed that of all the waters which 


are on the ſurface of the earth, and without ſpeaking 
of thoſe who have advanced, that the internal part of 


the globe was alſo lately filled with water. There 
are ſome who believe that there are an infinity of 


ol. V. 1 5 floods, 
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floods, rivulets and lakes in the earth; but this opi- 
nion, although common, does not appear to me to 
be properly founded, and I think that the quantity 
of ſubterraneous waters, which have no iſſue in the 
ſurface of the globe, is not very conſiderable; for, if - 
there were a great number of ſubterraneous rivers,” 
why ſhould we not ſee the mouths of ſome of theſe 
rivers on the ſurface of the earth? beſides, rivers 
and all running waters produce very confiderable al- 
terations on the ſurface of the earth; they ſweep a- 
way the land with them, excavate rocks, and dif- 
place all that oppoſes their paſſage. It would be the 
ſame with ſubterraneous rivers, they would produce 
ſenſible alterations in the internal part of the globe; 
but theſe alterations have never been obſerved. The 
ſtrata ſubſiſts parallel and horizontal; the different 
matters every where preſerve their primitive poſition, 
and it is only in very few places, that any conſtdera- 
ble veins of water has been obſerved. Thus water 
does act only in a ſmall degree in the internal part 
of the carth, as it is divided into an infinity of 
little ſtreams, as it is retained by ſo many obſta- 
eles; and in ſhort, as it is diſperſed almoſt every 
where, it immediately concurs to the formati- 
on of many terreſtrial ſubſtances, which we muſt 
carefully ' diſtinguiſh from ancient matters, and 
which, in fact, totally differs by their form and or- 
ganization, ? 

It is therefore the waters collected in the vaſt extent 
of the ſea, which by the continual motion of the 
flux and re- flux, have produced mountains, vallies, 
and other inequalities in the earth; it is the currents 
of the ſea which have hollowed vallies and raiſed 
hills by giving them correſpondent directions. It is 
thoſe waters of the ſea, which by tranſporting earth 
have diſpoſed them one on the other by horizontal 
layers; and it is the waters of heaven, which by de- 
grees deſtroy the labour of the ſea, which continually 
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r mountains, fill up vallies, the mouth of 
floods, gulphs, and which bringing all to la level, 


will one day return this earth to ſea, which will ſuc- 
ceſſiyely be impaired, by leaving new continents 


bare, divide vallies and mountains, and all fi- 
milar to thoſe we at preſent inhabit. 
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Paoop of the THEORY of the EARTH. 
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ARriei 1. 


; .Of the Formation of the Planets. 
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: * 6 TR 60 
UR object being Natural Hiſtory, we would 


ſigure of the earth and planets. | 
I be earth is a globe of about three thouſand miles 


diameter; it is ſituate one thouſand millions of miles 


willingly diſpenſe with ſpeaking of aſtronomy; 
but the nature of the earth depending on that of the 
heayens; and as we think to gain a greater, intelli- 
gence of what has been ſaid, it is neceſſary to give 
ſome general ideas on the formation, motion, and 


from the ſun, around which it makes its revolutions 


in 365 days. 


This revolution is the reſult of two 


forces, the one an impulſion from right to left, or 


from left to right, and the other an attraction up- 


wards or downwards, or the contrary towards a cen- 


ter. 


The direction of theſe two forces and their 


quantities are combined and proportioned in ſuch 
a manner, that there reſults. an almoſt uniform mo- 


tion in an eclipſe very near to a circle, Like to the 


other planets the earth is opaque, it becomes dark, 
it receives and reflects the light of the one, and it 
turns round that planet according to the laws which 


agree with its diſtance and relative denfi 


It alſo 


ty. 
and the axis around which this motion is made 15 in- 
clined 
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clined 661 degrees on the plane of the orbit of its 
revolution. Its figure is ſpheriodical, the two axis of 
which differ about a 160th part, and the ſmalleſt axis 
is that round which rotation is made. be 
Theſe are the principal phenomena of the carth, 
theſe are the reſults of the great diſcoveries made by 
means of geometry, aſtronomy, and navigation. We 
ſhall not here enter into the detail they require to be 
demonſtrated, and we ſhall not examine how we 
came to the knowledge of aſcertaining the truth of 
theſe circumſtances, it would be only repeating what 
has been already ſaid : we ſhall only make a few re- 
marks, which may ſerve to clear up what is ſtill doubt - 
ful or conteſted, and at the ſame time, give our ideas 
on the formation of the planets, and the different 
Rates through which it is poſhble they have paſſed 
before they arrived at the ſtate we at preſent ſee them. 
In the courſe of this work, we ſhall find extracts of 
ſo many ſyſtems and hypotheſis's on the formation 
of the terreſtial globe, the different fates through 
which it has paſſed, and the charges which it has un- 
dergone, that it may not be thought amiſs, that 
we here join our conjectures to thoſe of philo- 
ſophers who have written on thefe matters, and eſpe- 
cially when it is ſeen, that we in fact give theſe only 
as ſimple conjectures, to which we do not only pre- 
tend to aſſign a greater degree of probability than to 
thoſe made on the ſame fabjeR ; we do not the leſs 
refuſe to publiſh what we have thought on this point, 
by which all hope to put the reader in a better ſtate 
of pronouncing on the greatdifference there is between 
an hypotheſis, &c. and theory founded on facts, between 
a ſyſtem ſuch as we ſhall preſent in this article on 
the formation, and the firſt ſtate of the earth. 
Galilee having found the rule of bodies, and Kep- 
ler having obſerved, that the area deſcribed by the 
principal planet around the ſun, and thoſe which 
the ſatellites deſcribe around their principal planets, 


are 
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are proportionable to the time, and that the time of 
the revolutions of the planets and ſatellites are pro- 
portionable to the ſquare roots of the cubes of their 
diſtances from the ſun or principal planets. New- 
ton found that the force which cauſed heavy bodies 
to fall on the ſurface of the earth, extended ta the 
moon, and retained it in its orbit; that this force 
diminiſhed in the ſame proportion as the ſquare of 
the diſtance increaſes that conſequently the moon is 
attracted by the earth, that the earth and planets are 
attracted by the ſun, and that in un all bodies 
which deſcribe a rounder center or focus proportional 
areas to the time, are attracted towards this point. 
This power which we are acquainted with by the name 
of gravity is therefore diffuſed throughout all matter; 
planets, comets, the ſun, earth, and all nature is 
ſubject to its laws, and it ſerves as a bafis to the 
univerſe : we have nothing better proved in phyſics 
than the actual and individual exiſtence of this power 
in the planets, ſan, earth, and 1n all matter that we 
rouch or perceive. All obſervations have confirmed 
the actual effect of this power, and calculation 
has determined the quantity and relations of it; the 
exaneſs of geometricians and the vigilance of aſtro- 
mers with difficulty attain the preciſion of this celeſ- 
tial mechaniſm, and the regularity of its effects, 
This general cauſe being known, the phœnomena 
are eaſily deduced from it, if the action of the powers 
which produce it are not too combined, but let us for 
a moment repreſent the ſyſtemunder this point of view, 
and we ſhall perceive * a chaos there has been to 
clear up. The principal planets are attracted by the 
ſun, and the ſun by the planets, the ſatellites are alſo 
attracted by their principal planets, and each planet 
is attracted by all the reſt, and that attracts them like- 
wiſe ; all theſe actions and re- actions vary according 
to the maſſes and diſtances, they produce inequalities 
and irregularities : how is ſo great a number of con- 
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nections to be combined and eftimated ? Does it ap- 
- pear impoſlible in the midſt of ſuch a crowd of objects 
Se to follow any particular one ? Nevertheleſs, thoſe 
- difficulties have been ſurmounted, and calculation has 
confirmed the ſuppoſitions of reaſon ; each obſerva- 
tion is become a new demonſtration, and the ſyſte- 
matical order of the univerſe is laid open to the eyes 
of all thoſe who know how to diſcover the tract. 
One ſingle thing ſtops us, in fact, independent of 
this theory; which is the force of impulſion, we evi- 
dently ſee that the force of attraction always drawing 
the planets towards the ſun, they would fall on a par- 
ticular line on that planet, if they were not removed 
by another force, which can be only an impulſion in 
à right line, whoſe effects would be employed in the 
tangent of the orbit, if the force of attraction ceaſed 
one moment. The force of impultion has certain] 
been communicated to the planets by the hand of the 
Almighty when he gave motion to the univerſe; but 
- as we ought, as much as poſſible, to abſtain in phyſics 
from having recourſe to cauſes out of the road of na- 
ture; it appears that in the ſolar ſyſtem we can give 
reaſon for this impulſive force in a very probable man- 
ner, and that we find a cauſe whoſe effect agrees 
with the mechanical tubes; and which in other re- 
ſpects does not remove the idea we ought to have on 
the ſubject of the changes and revolutions which may 
and mutt happen in the univerſe. * 
The vaſt extent of the ſolar ſyſtem, which amounts 


to the ſame ſphere of attraction of the fun does 


not confine itſelf to the orbs of the planets, but ex- 
tends to a remote diſtance, always decreaſing, in the 
ſame ratio as the ſquare of the ditance increaſes; it 
is demonſtrated that the comets which are loſt to our 
fight in the ſky, obey this power, and that their mo- 
tion, like that of the planets, depends on that of the 
ſun; all theſe ſtars whoſe tracts are ſo different, de- 
ſeribe around the ſun, areas proportional to time. 
| The 
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The planets. in elipfis's more or leſs approaching a 
circle comets in elongated ellipfis's. Comets and pla- 
nets move therefore by virtue of two forces, the one 
of attraction, the other of impulſion, which acting at 
one time, obliges them to deſcribe theſe courſes; but 
it muſt be remarked that the planets paſs over the ſo- 
lar ſyſtem in all manner of directions, and that the: 
inclinations of their orbits are very different from each 
other, inſomuch that, although ſubjeQ like the pla- 
nets, to the ſame force of attraction, the comets have 
nothing common in their motions of impulſion, they 
7 5 in this reſpect independent of each other: 
the planets, on the contrary. all turn around the 
ſun in a like direction, and almoſt in the ſame plane, 
having there only 7 degrees of inclination between 
the planes, the moſt diftant from their orbit; this 
conformity of poſition and direction in the motion of 
the planets, neceſſarily ſuppoſes ſomewhat common 
in this motion of impulſion, and muſt make us ſuſpe& 
that it has been communicated to them by one and 
the ſame cauſ. 

Can it not be imagined with ſome degree of proba- 
bility, that a comet falling on the ſurface of the ſun, 
will diſplace the planet and ſeperate from it ſome 
parts to which it communicates a motion of impul- 
ſion by a like direction and ſtroke, inſomuch that the 
planets ſhould formerly have belonged to the body 
of the ſun, and been detached therefrom by an im- 
pos force common to all, and whichthey ſtill pre- 

erve. . | | 

This appears to me at leaſt as probable as the opi- 
nion of Leibnitz, who pretends that the planets and. 
carth have been ſuns, and I think that his ſyſtem, of 
which we ſhall find the preciſe account in the fifth ar- 
ticle, would have acquired a great degree of genera- 
lity, and ſomewhat more probability if he had raiſ- 
ed himſelf to this idea. The caſe is here the ſame as 
with him, to think that the matter happened in the 


timo 


= — — 


— — — 
** "0 INE 


g6o NATURAL HISTORY. 


time when Moſes ſaid that God divided light front 
darkneſs ; for according to Leibnitz, light was di- 
vided from darkneſs when the planets were extin- 
iſhed. But here the repreſentation is phyfical and 
real, fince the opaque matter which compoſes the bo- 
dy of the planets, was really divided from the lumi- 
nous matter which compoſes the ſun. 7755 
This probability will augment prodigiouſly by the 
ſecond analogy, which is, that the inclination of the 


orbits do not exceed 74 degrees; for by comparing 
the ſpaces, we ſhall find there is twenty - four to one, 


that two planets are formed in the moſt diſtant 


planes, and conſequently 25 or, 7692624 to one, that 
it is not by chance that all fix are thus placed 
and ſhut up in the ſpace of 71 degrees, or what 
amounts to the fame ; there is a probability, 
that they have ſomewhat common in the motion 
which has given them this poſition. But what can 
they have in common in the impreſſion of an impul- 
five motion, if it is not the force and direction of bo- 
dies which communicate it? it may therefore be con- 
cluded with a very great probability, that the pla- 
nets received their motion of impulſion by one ſingle 
ſtroke. This probability, which is almoſt equiva- 
lent to a certainty, being acquired, I ſeek after what 
bodies in motion could make this ſtroke and produce 
this effect, and I ſee only the comets capable of 
communicating ſo great a motion to ſuch vaſt bodies. 

Provided, we a little examine the courſe of co- 
mets, we ſhall be eaſily perſuaded that it is almoſt 
neceſſary for them ſometimes to fall into the ſun. 
That of 1680 approached it ſo near, that irs perithe- 
liumwas not diſtant from it the ſixth part of the ſolar 
diameter, and if it returns, as there is all appearance 
it will in 2255, it may then poſſibly fall into the 
ſun, Thatdepends onthe rencounters it will meet with 


inits road, and of the retardment it ſuffered in paſting 
through 
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through the atmoſphere of the ſun, Vide Newton 
3 edit. p. 525. x 

We may therefore preſume with this philoſoph er, 
that comets ſometimes fall into the ſun : but this fall 
may be made in different manners. If they fall di- 
rectly in, or in a direction not very oblique, they 
will remain in the ſun, and will ſerve fot food to 
the fire which the planet conſumes, and the motion 
of impulſion which they will have loſt, and commu- 
nicated to the ſun, will produce no other effect than 
that of diſplacing it more or leſs, according as the 
maſs of the comet will be more or leſs confiderable ; 
but if the fall of the comet is made in a very oblique 
direction, which muſt oftener happen than in any 
other, then the comet will only graze the ſurface of 
the ſun, or ſlightly furrow it; and in this caſe it 


may drive out ſome parts of matter to which it will 


communicate a common motion of impulſion, and 
theſe parts impelled out of the body of the ſun 
and comet, might then become planets which will 
turn around this planet in the ſame direction and 
plane. We might perhaps calculate what maſs, 
what velocity and what direction a comet ſhould have 
to impel from the fun an equal quantity of matter 
to that which the fix planets and their ſatellites con- 
tain; but this reſearch would be here out of its pro- 
per place; it will be ſufficient to obſerve, that all 
the planets with their ſatellites, do not make the 
ſixty- fifth part of the maſs of the ſun, (Vide Newton, 


p. 405, ) becauſe the denfity of the large planets. 


Saturn and Jupiter, is leſs than that of the ſun, and 


although the earth be ten times and the moon 


near fix times denſer than the ſun, they are never- 
theleſs but as atoms in compariſon of the maſs of 
this planet. 

I own, that however inconſiderable the 160th 
part is, at the firſt glance it appears to require a very 
powerful comet 10 ſeperate this part of the body of 
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the ſun ; but if we reflect on the prodigious velocity 
of comets in their perihelium, a velocity ſo much the 


greater, as their track is more direct, and as they ap- 


proach nearer the ſun. If beſides, we pay attention 
to the denſity, fixity and ſolidity of the matter of 


which they muſt be compoſed, to ſuffer, without be- 
ing deſtroyed, the inconceivable heat they endure 


near the ſun; and if at the ſame time we reflect, 
they preſent to the ſight of the obſervers a bright 
and ſolid body, which ſtrongly reflects the light of 
the ſun through the immenſe atmoſphere of the 
comet which ſurrounds it, and muſt obſcure it: 
we cannot doubt that the comets are not compoſed 
of a very ſolid and denſe matter, and that they do 
not contain a great quantity of matter under a ſmall 
volume; that conſequently a comet cannot have ſuf- 
ficient maſs and velocity to diſplace the ſun, and give 
a projectile motion to a quantity of matter ſo conſi- 
derable as is the 65oth part of the maſs of this pla- 
net. This perfectly agrees with what is known con- 
cerning the denſity of the planets: we think it is ſo 
much the leſs as the planets are farther diſtant from 


the ſun, aud as they have leſs heat to ſupport, ſo 


that Saturn is leſs denſe than Jupiter, and Jupiter 
much leſs denſe than the earth: and in fact, it the 
denſity of the planets was as Newton pretends, pro- 
portionable to the quantity of heat which they 


' have to ſupport, Mercury would be ſeven times 


denſer than the earth, and twenty-eight times 


denſer than the ſun; the comet of 1680 would be 


28000 times denſer than the earth, or 112000 times 
denſer than the ſun, and by ſuppoſing it as large as 
the earth, it would contain nearly an cqual quantity 
of matter to the ninth part of the ſun, or by giving 
it only the 100th part of the ſize of the earth, its 
maſs would be ſtill equal to the gooth part of the 
tun. From whence it is eaſy to conclude, that ſuch 
a mals as a {mall comet is, might ſeperats and drive 


from 
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from the ſun a gooth part, or a 650th part of its 


maſs, particularly if we pay attention to the immenſe. 


acquired velocity with which comets move when they 
pals in the vicinity of the ſun. | 

Another analogy which deſerves ſome attention, is, 
the conformity between the denſity of the matter of 
the planets and the matter of the tun. We know on 
the ſurface of the earth there are ſome matters 14 
or 15000 times denſer than others. Ihe denfities of 
gold and air are nearly in this relation, But the 
internal part of the earth and the body of the 
planets are compoled of more ſimilar parts whoſe 
comparative denſity varies much lets, and the con- 
formity of the matter of the planets and of the den- 
ſity of the ſun is ſuch, that of 650 parts which compoſe 
the whole of the matter of the planets, there is 
more than 640 which are almoit of the ſame 
denfity as the matter of the ſun, and not ten 
parts out ef theſe 650 of a greater denfi- 
ry 3 for Saturn and Jupiter are nearly of the ſame 
denſity as the ſun, and the quantity of matter which 
theſe planets contain, is at leaſt 64 times greater 
than the quantity of matter of the four inferior 
planets, Mars, the Earth, Venus and Mercury. We 
muſt therefore ſay, that the matters of what the 
planets are generally compoſed of, is nearly the 
lame as that of the ſun, and that conſequently this 
matter may have been ſeparated from it. 

But it will be ſaid, if the comet by falling obliquely 
on the ſun, has furrowed the ſurface of it, and drove 
off the matter which compole the planets, it appears 
that all the planets inftead af deſcribing circles of 
which the ſun is the center, would, on the contrary, 
have razed the ſurface of the tun at each revolutton, 
and would be returned to the ſame point from whence 
they departed, as every projectile would do which 
might be thrown off with ſufficient force from the ſur- 
face of the earth, to oblige it to turn perpetually : for it 1s 
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eaſy to demonſtrate that this body would return at 
each revolution to the point from whence it would 
have been thrown off and hence we cannot attribute to 
the impulſion of a comet, the projection of the planets 
out of the ſun, fince their motion around this planet 
is difficult from what it would be in this hypotheſis, 
To this I reply, that the matter which compoſes 
the planets, is not come from that planet in 
ready formed globes, to which the —5 has 
communicated its motion of impulſion; but, that 
this matter 15 come under the form of a torrent the 
motion of the anterior parts of which has been 
accelerated by that of the poſterior parts : that be- 
fides the attraction of the anterior parts has alſo 
accelerated the motion of the poſterior, and that 
this acceleration produced by one or the other of 
the cauſes, and perhaps by both, has been ſo great 
as to change the firſt direction of the motion of 
impulſion, and that a motion has reſulted ſuch as we 
at preſent obſerve in the planets, eſpecially by ſup- 
poſing that the ſtroke of the comet has diſplaced 
the ſun : for, to give an example which will ren- 
der this more reaſonable, let us fuppoſe, that from 
the top of a mountain a muſket ball is diſcharged, and 
that the ftrength of the powder was great enough 
to ſend it beyond the ſemi-diameter of the earth, 
it is certain, that this ball would turn round the 
point, and at each revolution would return to the 
from whence it had been diſcharged : but, if in- 
ſtead a muſket ball, we ſuppoſe a rocket had been 
diſcharged wherein the motion of the fire would be 
durable and greatly accelerate the motion of im- 
pulſion, this rocket, or rather the cartouch which con- 
tained it, would not return to the ſameplace like the 
muſket ball, but would deſcribe an orb, whoſe pe- * 
rigee would be much farther diſtant from earth, as 
the force of acceleration would be greater and have 


changed the firſt direction; all things being ſuppoſe 
j PPT 
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ed equal in other reſpects. Thus, provided there 
had been any acceleration in the motion of impulſi- 
on communicated to the torrent of matter by the 
fall of the comet ; it 1s very poſſible that the planets 
formed in this torrent, had acquired the motion which 
we know they haye in the circles and ellipfis's of 
which the ſun is the center and focus, 

The manner in which the great erruptions of 
volcanos are made, may afford us an idea of this ac- 
celeration of motion in the comet we ſpeak of. It 
has been obſeryed, that when Veſuvius begins to 
roar and eject the matter it contains, the firſt 
matter has only a certain degree of velocity ; but 
this velocity is ſoon accelerated by the impulſion 
of the ſecond, which ſucceeds the firſt, fince by 
the action of a third and ſo on, the heavy mals 
of bitumen, ſulphur, cinders, melted metal, &c, 
appear like maſſive clouds, and although they ſuc- 
ceed each other nearly in like directions, the 
yet greatly change that of the firſt and drive it 
elſewhere and farther then it would have reached of 
itſelf, 

In other reſpects, can we not anſwer to this 
objection, that the ſun having been ſtruck by the 
comet, and having received a part of its motion b 
impulfion, it will of itfelf have endured a motion 
which will have diſplaced it, and that although this 
motion of the ſun, is at preſent too little ſenſible for 
aſtronomers to be able to perceive it in {mall in- 
tervals of time; nevertheleſs, this motion may till 
exiſt and the fun move ſlowly towards different parts 
of the univerſe, by deſeribing a curve around the 
center of gravity of the whole ſyſtem ? and, if this 
is ſo, as I preſume it is, we ſee ec, that the 
planets, inſtead of returning near the ſun at each 
revolution, will, on the contrary, have deſcribed or- 
pits the points of the perihelia of which are fo much 
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the farther diſtant from this planet, as itſelf is from 
the place it formerly occupied. 

I am perfectly tenfible that it may be ſaid, that 
if this acceleration of motion is made in the ſame di- 
rection; it does not change the point of the peri- 
heltum which willalways be on the ſurface of the ſun: 
but, muſt it be thought, that in a torrent, the parts 
of which ſucceed each other, there has been nochange 
of direction: it is, on the contrary, very probable 
that there has been a very great alteration of di- 
rection, to give the planets the motion they have. 

It may alto be ſaid, that if the ſun has been diſ- 

placed by the ſtroke of a comet, it ought to move 
_ uniformly, and that hence this motion being common 
to every ſyſtem, there was no need of any thin 
changing; but, might not the ſun before the ſtroke, 
have had a motion around the center of gravity of 
the cometary ſyſtem, to which primitive motion, the 
ſtroke of the comet will have added an augmentati- 
on or diminution ? and that would ſuffice to render a 
reaſon for the actual motion of the planets. 

In ſhort, if theſe ſuppoſitions are not admitted of, 
may it not be preſumed, without attacking proba- 
bility, that in the ſtroke of the comet againſt the ſun, 
there was an elaſtic force which will have raiſed the 
torrent above the ſurface of the ſun, inſtead of di- 
realy impelling it? which alone may ſuffice to throw 
off the point of the periheliumand give the planets the 
motion they have retained, and this ſuppoſition is not 
void of probability, for the matter of the ſun ma 
poſſibly be very elaſtic, fince the oaly part of this 
matter we are acquainted with, which is light, ſeems 
by its effects to be perfectly elaſtic. I own that 
T cannot fay whether it is by the one or the other 
of theſe reaſons, that the direction of the firſt mo- 
tion of the impulſion of the planets has changed, but 
they ſuſfice to ſhew that this alteration is poſſible and 
even probable and thatis alſo ſufficient for my purpoſe, 


But, 
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But, without dwelling any longer on the objec- 
tions which might be made, no more than on the 
proofs which analogies might furniſh in fayour of 
my hypotheſis ; let us purſue the obje& and deduce 
inductions from it: let us therefore {ce what has hap- 
pened when theſe planets and particularly the earth 
received this impulſive motion, and in what ſtate the 
were found after having been ſeparated from the 
ſun, The comet having by a ſingle ſtroke communi- 
cated a projectite motion to a quantity of matter e- 
qual to the 6goth part of the ſun, the leſs denſe 
periheliums, will be ſeperated from the denſe and will 
have formed by their mutual alteration globes of 
different denfities: Saturn compoſed of the moſt groſs 
and light parts, will be the moſt remote from 
the ſun : afterwards Jupiter who is denſer than Sa- 
turn will be leſs diſtant and ſo on. The larger and 
leſs planets are the moſt remote, becauſe they have 
received an impulſive motion, ſtronger than the 
ſmalleſt and denſeſt: for, the force of impulſion 
communicating itſelf by ſurfaces, the ſame ftroke 
will have moved the grofler and lighter parts of 
the matter of the ſun with more velocity than the 
ſmalleſt and moſt maſſive; a ſeperation therefore will 
be made of the denſe parts of different degrees, ſo 
that the denſity of the ſun being equal to 100, that 
of Saturn is equal to 67, that of Jupiter to 943 that 
of Mars to 200, that of earth to 400, Venus to Boo, 
and Mercury to 2800. But the force of attracti- 
on not communicating like that of impulſion, by 
the ſurface and acting on the contrary on all parts 
of the maſs it will have retained the denſeſt portions 
of matter, and it is for this reaſon that the denſeſt 
planets are the nigheſt the ſun, and turn round 
that planèt with greater rapidity than the leſs denſe 
planets, which are alſo the moſt remote. 

The two large planets, Jupiter and Saturn, which 
are, as is known, the principal planets of the ſolar 

ſyſtem, 
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ſyſtem have retained this relation between their 
denſity and impulſive motions, in fo juſt a pro- 
portion as muſt ſtrike us ; the denfity of Saturn is 
to that of Jupiter as 67 to 944 and their velocities 


2 1 11 
are nearly as 887 to 120%, or as 67 to 907 it is 
ſeldom that pure conjectures can draw ſuch exact 
relations. It is true, that by following this relation 
between the velocity and denſity of planets, the den- 


fity of the earth ought to be only as 2067 
whereas it is as 400; . hence it may be con- 
jectured, that our globe was formerly leſs denſe 
than it is at preſent. With reſpect to the other 
planets, Mars, Venus and Mercury, as their denſity 
is known only by conjecture; we cannot know 
whether that would deftroy or confirm our opini- 
on in relation of the velocity and denſity of the 
planets in general. The opinion of Newton is, 
that denſity is ſo much the greater, as the heat to 
which the planet is expoſed is the ſtronger, and it 
is on this idea, that we have juſt ſaid that Mars is 
once leſs denſe than the earth, Venus once denſer, 
Mercury ſeven times denſer, and the comet in 1688, 
28000 times denſer than the earth; but this pro- 
| * between the denfity of the planets and the 

eat which they have to ſupport, cannot ſubſiſt when 
we conſider Saturn and Jupiter, which are the prin- 
cipal objects we ſhould never loſe fight of in the 
ſolar ſyſtem : for according to this relation between 
the denſity and heat, it is found that the denſity of 


Saturn would be about a and that of Jupiter as 


145, inſtead of 67 and 941 too great a difference 
for the relation of denſity and heat the planets have 
to bear, to be admitted. Thus in ſpite of the 
confidence which the conjectures of Newton merit, 
T think that the denſity of the planets, has more 


relation with their velocity than with the «ow of 
cat 
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heat which they have to ſupport. This is only a 
final cauſe and the other a phyfical relation, the 
preciſeneſs of which is remarkable in the two large 
planets: it is nevertheleſs true that the denſity of 
the earth inſtead of being 206 3 is found to be 
400, and that. conſequently the terreftrial globe 
muſt be condenſed in this ratio of 206 + to four 
hundred, 

But the condenſation or coction of the planets 
his it not ſome relation with the quantity of the 
heat of the ſun in each planet? and hence Saturn 
which is very diſtant from that planet will have 
ſuffered little or no condenſation. Jupiter will be 


condenſed from 90% to 943. Now the heat of the 
ſun in Jupiter being to that of the ſun upon the 


7 0 
earth as 14. are to 400 the condenſations ought 


- — 7 
to be in the ſame proportion of 206 to 2150385 


if it had been placed in the orbit of Jupiter, 
where it could have received from the ſin a heat 
only equal to that which this planet receives, but 
the earth being nearer this planet and receiving a 
heat whoſe relation to that which Jupiter receives 


is from 400 to 14%, the quantity of condenſation 
muſt be multiplied which it would have had in the 


© | ; 7 
orb of Jupiter by the relation of 400 to 142 
which gives nearly 2341 for the quantity which the 
earth ought to be condenſed. Its denfity was 206}, 
by adding thereto the quantity of condenſation, we 
find 440+ for its actual denſity, which nearly enough 
approaches the deniity 400, determined by the 
parallex of the moon. On the whole, I do not 
here pretend to give exact relations, but only ap- 
proximations, to point out that that the denfity 
of the planets have much relation with their ve- 
locity in their orbits, 
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The comet having therefore by its oblique fall 
furrowed the ſurface of the ſun, will have driven 
out of its body a part of matter equal to the 65oth 
part of its whole mats. ; this matter which muft be 
conſidered in a-ſtateot uidiry,or rather of liquefacti- 
on, will at firſt have formed a torrent, the groſſer 
and leſs denſe parts of which will have been driven 
the fartheſt, and the denſeſt parts having received 
only the like im pulfion, will not be ſo very remote, 
the force of the ſun's attraction having retained 
them. Every part detached by the comet and im- 
pelled one by the other will have been conſtrained to 
circulate around this planet, and at the fametime 
the mutual attraction of the parts of matter will 
have formed globes at different diſtances, the neareſt 
of which to the ſun will have neceſlarily retained 


more rapidity to turn perpetually afterwards round 
this planet. 


But, it will be ſaid a ſecond time, if the matter 
which compoſes the planets has been ſeparated 
from the ſun, the planets ſhould be like the ſun, 
-wrning and luminous, and not cold and opaque as 
At nothing reſembles this globe of fire leſs 
globe of earth and water, and to judge of it 
7 comparyon, the matter of the earth and planets 
„ perfectly different from that of the ſun. 

To this it may be anſwered, that in the ſepera— 
tion which was made of the more or leſs denſe 
par icles, the matter has changed form and the 
hgh: or fire is extinguiſhad by this ſeparation cauſ- 
ed by the motion of impulſion. Befides, may it 
not be ſuſpected that if the ſun, or a burning or lu- 
minous ſtar moves of itſelf with ſo much velocity 
as the planets move, the fire would be extinguiſh- 
ed perhaps, that is the reaſon why that all lu- 
minous ſtars are fixed, and that thoſe ſtars 
which are called new, and which have probably 
Changed place, are extinguiſhed from fight ? 


” this 
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this is confirmed by what has been obſcrved on 
comets, they muſt burn to the center when they paſs 
to their perihelium. Nevertheleſs they do not be- 
come luminous of themſelves, we ſee only that they 
exhale burning vapours of which they leave a conti- 
derable part by the way. FT | 

I own, that if fire can exiſt in a medium where there 
is very little or no refiſtance, it would alfo ſuffer a 
very great motion without extingutthing : I alſo own, 
that what I have juſt ſaid mutt extend only to the 
ſtars which totally diſappear, and that thoſe which 


have periodical returns and which ſhew themſelves ' 


and diſappear alternatively without changing place, 
are very difficult from thoſe I ſpeak of. The pheno- 


mena of theſe fingular planets has been explained in a 


very ſatisfactory manner by M. de Maupertuis, in his 
diſcourſe on the figure of the planets, and I am con- 


vinced that by quoting facts which are known to us, it 


is not poſſible to devine them better than he has done. 
But the ſtars which appear and afterwards diſappear 


entirely, ate probably extinguiſhed, either by the 


velocity of their motion, or by ſome other cauſe, 
and we have no example in nature, that one luminous 
planet turns round another. Among twenty-eight or 
thirty comets, and thirteen planets which compole our 
ſyſtem, and which move round the fun with more 
or leſs rapidity, there is not one luminous of itſelf. 


It might be till anſwered, that fire cannot ſubſiſt 
ſo long in the ſmall as in large maſſes, and that 


at the departure from the ſun the planets muſt have 
burnt for ſome time, but that they were extinguiſh- 
ed for want of combuſtible matters, as probably the 
ſun will be extinguiſhed for the ſame reaſon ; but in 
future, and in as diſtant ages from the time of the ex- 
tinction of the planets as its fize istothatof the plancts. 


Be it as it may, the ſeperation of the more or leſs 


denſe parts, which is neceſſarily made at the time 
that the comet has driven the matter of the planets 


Out 
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out of the ſun, appears to me ſufficient to render 
reaſon for this extinction of their fires, 

The earth and planets therefore at the time of 
their ung the ſun, were burning and in a ſtate of 
total 1 tion; this ſtate remained only as long as 
the violence of the heat which had produced it: by 
degrees the planets cooled, and it was in this ſtate of 
fluidity, cauſed by the fire, that they took their 
form, and that their motion of rotation raiſed the 
parts of the equator by lowering the poles. This fi- 
gure, which agrees fo perfectly with the laws of hy- 
droſtatics, neceſſarily ſuppoſes that the earth and 
planets have been in a ſtate of fluidity, and J here 
follow Leibnitz's opinion, that though fluidity was 
a liquefaction cauſed by the violence of the heat, the 
internal part of the earth muſt be, a vitrifiable mat- 
ter, of which ſand, gravel, &c, are the fragments 
and ſcoria. | 

It may therefore with ſome probability be thought, 
that the planets appertained to the ſun, that they were 
ſeperated by a ſingle ſtroke which gave to them a 
motion of impulſion in the ſame direction and plane, 
and that their poſition at different diſtances from the 
ſun, proceeds only from their different denſities. It 
now remains to explain by the like theory, the mo- 
tion of the rotation of the planets, and the formati- 
on of the ſatellites; but this, far from adding diffi- 
culties or impoſhbilities to our hypotheſis, ſeems on 
the contrary, to confirm it. Fs | 

Far the motion of rotation depends ſolely on the 
obliquity of the ſtroke, and it is neceſſary that an 
impulſion when it is oblique to the ſurface of a body, 
gives it a rotative motion: this motion will be 
equal and always the fame, if the body which re- 
ccives it is homogenous, and it will be unequal if 
the body is compoſed of heterogenous parts, or of 
different denſities ; and hence we muſt conclude, that 
in every planet the matter is homogenous, ſince 
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the motions are equal. Another preof of the ſepera- 
tion of the denſe and leſs denſe parts when they are 
formed. ©. 8 

But the obliquity of the ſtroke might be ſuch, as 
to ſeperate from the body of the principal planet a 
ſmall part of matter, which will preſerve the ſame 
direction of motion as the prineipal planet itſelf; 
theſe parts will be united according to their denſi - 
ties, at different diſtances from the planet by the force 
of their mutual attraction, and at the ſame time, ne- 
ceſſarily follow the planet in its courſe around the 
ſun, by turning themſelves around the planet, nearly 
in the plane « its orbit. We ſee plainly, that thoſe 
ſmall parts which the great obliquity of the ſtroke 
will have ſeperated, are the ſatellites: thus the for- 
mation, poſition, and direction of the motions of the 
ſatellites perfectly agree with theory; for they have 
all the ſame motion in concentrical circles round 
their principal planet; their motion is in the ſame 
plane, and this plane is that of the orbit of the pla- 
net. All theſe effects which are common to them, 
and which depend on their motion of impulſion, 
can proceed only from one common cauſe, i. e. from 
a common impulſion of motion, which has been 
communicated to them by one and the ſame ſtroke, 
given under a certain obliquity. 
What we have juſt ſaid on the cauſe of the mo- 
tion of rotation and formation of the ſatellites, will 
acquire more probability if we conſider all the cir- 
cumſtances of the phenomena. The planets which 
turn the ſwifteſt on their axis, are thoſe which have 
fatellites, The carth turns quicker than Mars in the 
relation of about 24 to 15; the earth has a ſatellite, 
but Mars has none. Jupiter particularly, whoſe ra- 
pidity round its axis is five or fix hundred times 
greater than that of the earth ; has four ſatellites, 
and there is a great appearance that Saturn, which 
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has five, and a ring, turns ſtill much quicker than 
Jupiter. | 

It may even be conjectured with ſome foundation, 
that the ring of Saturn is parallel to the equator of 
this planet, ſo that the plan of the equator of the 
ring and that of the equator of Saturn, are nearly 
the fame ; for by ſuppoting, according to the pre- 
ceding theory, that the obliquity of the ſtroke by 
which Saturn has been fet in motion was very great; 
the velocity around the axis which will have reſulted 
from this oblique ſtroke, will at firſt have been fuck 
as the centrifugal force exceeds that of the gravity, 
and there will be detached from the equator and irs 
neighbouring parts, a conſiderable quantity of matter 
which will neceffarily have taken the figure of 2 
ring, whole plane muſt be nearly the fame as that of 
the equator of the planet; and this part of matter 
which forms the ring, having been detached from 
the planet in the vicinity of the equator, Saturn has 
been fo much lowered under the equator, which 
cauſes, that notwithſtanding its rapidity, the dia- 
meters of this planet cannot be fo unequal as thoſe 
of Jupiter, which differs more than an eleventh part. 

However great the probability of what J have ad- 
yanced hitherto. on the formation of the planets and 
their ſatellites, may appear in my fight, as each has 
his particular meaſurement, eſpecially to eſtimate 
probabilities of this nature, and as this meaſure- 
ment depends on the ſtrength of the underſtand- 
ing to combine more or lefs diftant relations, I 
do not pretend to conſtrain the incredulous. 
have only thought it my duty to fow theſe ideas, 
becauſe they appear to me reaſonable and pro- 
per to clear up a matter, on which nothing has ever 
been written, however important the ſubject is, 
fince the motion of impulſion of the planets enters 
at leaſt as one half in the compoſition of the univerſe, 
which attraction alone cannot unfold, I fhall-oniy 
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add the following queſtions to thoſe who would deny 
the poſfibility of 1 my ſyſtem. 

"|. Is it not natural to imagine, that a body in 
motion has received that motion by the firoke of 
another body ? 

2nd. Is it not very probable that many bodies 
which have the fame direction in this motion, have 
received this direction by one fingle, or by many 
ſtrokes directed in the fame direction? 

zrd. Is is not quite probable, that many bodies 
having the ſame direction in their motion, and their 
poſition in a like plane have not received this direc- 
tion in the ſame manner, and this pofition in the tame 
plane by many ſtrokes, but by one and the fame 
ttroke. 

4th. Is it not very probablethat at the fame time 
that a body receives a motion of impulſion, it re- 
ceives it obliquely, and that conlequently it is o 
ed to turn on itſelf fo much the quicker, as the obi 
quity of the ſtroke will have been greater ? if theſe 
queſtions. mould not appear unreaſonable, the ſyſtem 
of which we have preſented the outlines will ceaſe to 
appetr an abſurdity. 

et us now pats on to ſomething which more 
nearly concerns us, and examine the figure of the 
earth, on which ſo many reſearches and ſuch great 
obſervations. has been made. The earth being as it 
appears by the e of its diurnal motion and the 
conſtancy of the inclination of its axis, compoted of 
homogenous parts, and all its parts attractory to each 
other in ratio of their maſſes ; it would neceflari] 
have taken the figure of a globe pertecily tpnerical, 
if the motion of impulſation had been given it in a per- 
pendicular direction to the furface; but this ſtroke 
baving been obliquely given, the. earth bas turned on 
its axis at the {ame time as it took its form: and from 
the comhinatioh of this rotative motion and that of the 
atirachgn of the parts, thers bas relulted ſpheruid 
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ſigure more elevated under. the great circle of rotation, 
and lower at the two extremities of the axis, and this 
- becauſe the action of the centrifugal force proceeding 
from the rotation, diminiſhes- the action of gravity. 
Thus the earth being homogenous and having taken 
its confiſtency at the ſame time it received its rotative 
motion, it took a ſpheroid figure, the two axis of 
which differ a 23oth part. This may be exactly de- 
monſtrated, and does not depend on hypotheſis's made 
on the direction of gravity ; for it is not allowable to 
form hypotheſis's contrary to eſtabliſhed truth, or what 
may be eſtabliſhed; now the laws of gravity are known 
to us, we cannot doubt, but that bodies weigh one on 
the othet in a direct ratio of their maſſes, and in an in- 
verted ratio of the ſquare of their diſtances : ſo like- 
wiſe we cannot doubt, that the general action of any 
maſs is not compoſed of all the particular actions of 
that maſs. Thus there is no hypotheſis's to form on 
the direction of gravity ; each part of matter mu- 
tually attracts in a direct ratio of its maſs and an in- 
verted ratio of its diſtance, and from all theſe attrac- 
tions thete reſults a ſphere whea there is no rotation, 
and a ſpheroid when there is one. This ſpheroid is 
longer or ſhorter at the two extremities of the axis of 
rotation, in proportion of the velocity of this motion, 
and the earth has taken by virtue of its rotative velo- 
city and of the mutual attraction of all its parts, the 
figure of a ſpheroid, the two axis of which are as 229 
to 230 between them. | 

Thus by its original conſtitution, by its homoge- 
nouſneſs, and independent of every hypotheſis or the 
direction of gravity, the earth has taken this figure at 
its formation, and it is by virtue of mechanical laws, 
raiſed about 64 miles higher at each extremity of the 
diameter of the equator than under the potes. 

I ſhall dwell on this article, becauſe there are ſtill 
geometricians who think that the figure of the earth in 
theory depends on the ſyſtem of philoſophy that is em- 
N | | braced, 
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braced, and the direction which we ſuppoſe to gravi- 
ty. The firſt * we have to demonſtrate, is the 
mutual attraction of every part of matter, and the ſe- 
cond the homogenouſneſs of the terreſtrial globe: 
if we clearly point out, that theſe two eireum- 
ſtances cannot be revoked, there will no lon- 
per be any hypothefis to be made on the direction 
of gravity : the earth will neceſſarily have had the 
figure given it by Newton, and every other fi- 
pure given to it by virtue of yortixes or other hypo- 
theſis, will not be able to ſubſiſt. 
It cannot be doubted, unleſs the whole is, that it 
is the force of gravity which retains the planets in 
their orbits ; the ſatellites of Saturn gravitate towards 
Saturn, thoſe of Jupiter towards Jupiter, thoſe of 
the moon towards the moon ; and Saturn, Jupiter, 
Mars, the carth, Venus and Mercury, gravitate to- 
wards the ſun: ſo likewiſe Saturn and Jupiter gravi- 
tate towards their ſatellites, the earth gravitates to- 
wards the moon, and the ſun towards the planets. 
Gravity is therefore general and mutual in all the 
planets, for the action of one force cannot be exer- 
ciſed without a reaction; all the planets therefore 
act mutually one on the other. This mutual attrac- 
tion ſerves as a foundation to the laws of their motion, 
which is alſo demonſtrated by phenomena, When 
Saturn and Jupiter are in conjunction, they act one 
on the other, and this attraction produces an irregu- 
larity in their motion round the ſun. It is the ſame 
with the earth and the moon, they act mutually one 
on the other; but the irregularities of the motion of 
the moon, proceeds from the attraction of the ſun, 
ſo that the earth, the ſun and the moon, mutually 
act one on the other. Now this mutual attraction of 
the planets is proportional to their er of mat- 
ter when the diſtances are equal, and the ſame force 
of gravity which cauſes heavy matter to fall on the 
ſurface of the earth, and which extends to the 
. B b b moon, 
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moon, is alſo proportional to the quantity of mat- 


ter; therefore the total gravity of a planet is com- 


poſed of the gravity of each of the parts which com- 
poſe it; therefore all the parts of matter either in the 
earth or in the planets, gravitate towards each other; 
therefore all parts of matter mutually attract each 
other; and this being once proved, the earth by its 
rotation has neceſſarily taken the figure of a ſpheroid, 
the axis of which are between each other, as 229 to 
230, and the direction of the weight is neceflarily 
perpendicular to the ſurface of the ſpheroid ; conle- 
quently there is no hypotheſis to be made in the di- 


rection of the weight, at leaſt as {the heat and ge- 


neral attraction of the parts of matter is not denſed ; 
but we have juſt perceived that the mutual attraction 
1s demonſtrated by obſervations, and the experiment 
of pendulums prove, that it is general in all parts 
of matter ; therefore we cannot make new hypothe- 


4is's on the direction of weight without going againſt 


experience and reaſon. | 

Let us now proceed to the hemogenouſneſs of the 
terreſtrial globe. I own, that if it is ſuppoſed that 
the globe is denſer in ſome parts than in others, the 
direction of gravity mult be different from that we 
have juſt aſſigned, that it will be different according 
to the different ſuppolitions that will be made, and 


that the figure of the earth will become different alſo 


by virtue of the like ſuppofitions. But what reaſon 
have we to thipk it is fo ? why, for example, is it 
that the parts near the center are denſer than thoſe 
which are more remote ? all the particles which com- 
pole the globe, arc not they collected together by 
their mutual attraction ? hence each particle is a 
Center, and there 1s no realon to believe, that the 
parts which are about the center of the globe, are 
denſer than thoſe which are about any other point. 
But befides, if one conſiderable part of the globe 
was denier than another, the axis of rotation would 
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be found near the denſe parts, and an inequalit 

would enſue in the diurnal revolution, ſo that at the 
ſurface of the earth, we thould remark an inequality 
inthe apparent motion of the fixed ſtars, they would ap- 
pear to move much quicker, or much flower towards 
the zenith, than the Horizon: according as we ſhould 
be placed on the denſer or lighter parts of the globe, 
this axis of the earth no longer pafling thro” the center 
of the globe, would alſo very ſenſibly change poſi- 
tion : but all this does not happen, on the contrary, 
it is known that the diurnal motion of the earth is 
equal and uniform: it is known that at all the parts of 
the earth's furface, the ſtars appear to move with the 
ſame velocity at all heights, and if then as a nutation 
in the axis, it is inſenfible enough to have eſcaped 
obſervers : it muſt therefore be concluded, that the 
globe is homogenous, or nearly fo in all its parts. 

If the earth was a holtow and void globe, the 
erult of which, for example, would be only two 
or three miles thick: there would refult, 1. That the 
mountains would be in this caſe ſuch conſiderable 
parts of the whole thickneſs of the cruft, that there 
would be great irregularity in the motions of the 
earth by the attraction of the moon and ſun : for 
when the higheſt parts of the globe as the Cordilli- 
ers, ſhould have the moon at noon, the attraction 
would be much ftronger on the whole globe than 
when the loweft parts ſhould have this planet at 
noon. 2. The attraction of mountains would be 
much more confiderable, then it is in compariſon of 
the whole attraction of the globe, and experiments 
made at the mountain of Chimboraco in Peru, would 
in this caſe give more degrees than they have given 
ſeconds for the deviation of the plumb line. 3. The 
weight of bodies would be greater on the top of an 
high mountain, as the Pike of Teneriff, than at the 
level of the fea; fo that we ſhould feel ourſelves con- 
ſiderably heavier and ſhould walk more difficulty 

in 
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In high places than in low. Theſe conſiderations 
convince, and ſome more which may be added 


muſt, that the inner part of the globe is not void, but 


filled with a denſe matter, 

On the other hand, if below the depth of two or three 
miles, the earth was filled with a matter much more 
denſe than any other known matter; it would neceſ- 
farily occur, that every time we deſcended to moderate 
depths, we ſhould weigh much more, the pendulums 
would be more accelerated, than in fact they are 
when carried from an high plane to a low: thus, we 
may preſume that the internal part of the earth is 


filled with a matter nearly ſimilar to that which com- 


poſes its ſurface. What may compleat our determin- 
ation in favour of this opinion is, that in the firſt 
formation of the globe, when it took the form of a 
flat ſpheroid under the poles, the matter which com- 
poſed it was in fuſion and conſequently homogenous 
and nearly equally denſe in all its parts, as well on 
the ſurface as on the infide. From that time the 
matter of the ſurface, although the ſame, has been 
ſtirred and worked by external cauſes, which has pro- 
duced matters of different denſities ; but, it muſt be 
remarked, that the matters, which like gold and 
metals, are the denſeſt, are alſo thoſe the moſt ſel- 
dom met with, and that in conſequence of the action 
of external cauſes, the greateſt part of the matter 
which compoſes the ſurface of the globe, has not un- 
dergone any very great changes with relation to its 
denſity, and the moſt common matters, as ſand and 
clay, do not differ much in denfity, inſomuch, that 
there 1s all the room imaginable to conjecture with 
great probability, that the internal part of the earth 


is filled with a vitrified matter, the denſity of which 


is nearly the ſame as that of ſand, and that con- 
ſequently the terreſtrial globe in general may be re- 


There 


garded as homogenous, 
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There remains a reſource to thoſe who would 
abſolutely make ſuppoſitions, which is to ſay, that 
the globe is compoſed of concentrical ſtrata of diffe- 
rent denſities ; for, in this caſe, the diurnal motion 
will be equal and the inclination of the axis conſtant 
as in the caſe of homogenouſneſs. I acknowlege it, 
but I aſk at the ſame time, if there is any reaſon to be- 
lieve that ftrata of different denſities do exiſt, if it is not 
to defire the works of nature to adjuſt themſelves ta 
our ideas, and if in phyſics we muſt admit of a ſup- 
poſition which is not founded on any obſervation or 
analogy and which does not agree with any of the 
inductions which we may draw from elſewhere. _ 

It appears therefore, that the earth has taken by 
virtue of the mutual attraction of its parts and of its 
rotation the figure of a ſpheroid whoſe two axis differ 
one 230th part; this appears to be the primitive figure, 
that it neceſſarily took in its ſtate of fluidity or li- 
quification : it appears, that by virtue of the laws 
of gravity and the centrifugal force, itzcan have no 
other figure: that, in the moment even of its forma- 
tion, there was this difference between the two dia- 
meters, of 6 an half miles of elevation more under the 
equator than the poles, and that conſequently every 
hypothefis in which we can find greater or leſs dit- 
ference are fiftions to which we muſt pay no attention. 

But it will be ſaid, if this theory is true, if the 
relation of 229 to 230 is the true relation of the axis, 
why do the mathematicians {ent to Lapland and 
Peru, agree to the relation of 174 to 195? From» 
whence does this difference between theory and prac- 
tice come? And without injuring the reaſon juſt 
made to demonſtrate the theory; is it not more rea- 
ſonable to give the preference to practice and mea- 
fares, eſpecially when we cannot doubt that they 
have been taken by the moſt able mathematictan of 

zurope, (M. de Maupertius figure of the Earth) and 
with all neceſſary precautions to eftabliſh the retult ? 
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To this I anſwer, that IJ have taken care to pa 
attention to the obſervations made under the equator, 
and Polar circle : that I have no doubt of their being 
exact, and that the earth may poſſibly be elevated 
a''175th part more under the equator than the 
poles. But, at the ſame time J maintain the theory, 


and I ſee clearly the two reſults may be reconciled. 
This difference is about four miles in the two axis's, 


Jo that the parts under the equator are raiſed two 


miles more than they ought to be according to the- 
ory ; this height anſwers exact enough to the greateſt 
inequalities of the the ſurface of the globe, they pro- 
ceed from the motion of the ſea, and the action of 
the fluids, on the ſurface earth. I will explain my- 
ſelf, it appears that when the earth was formed, it 
muſt neceſſarily have taken, by virtue of the mutual 
attraction of its parts, and the action of the centri- 
fugal force, a {pheroidical figure, the axis of which 
differs a 230th part: the old and original earth has 
neceſſarily had this figure which it took when it was 
fluid, or rather liquified by the fire : but when after 
its formation and refrigeration, the vapours which 
were extended and rarefied ; as we fee the atmol- 


phere and tail of a comet is become condented and 


fell on the ſurface of the earth, and formed air and 
water: and when thefe waters which were on the 


ſurface, became agitated by the flux and reflux, the 
matters were by degrees carried from the Poles to- 


wards the equator : ſo that it is poſſible, that the 
parts of the Poles are lowered about a mile, and thoſe 


of the equator raiſed in the ſame quantity; this was 
not ſuddenly done, but by degrees in ſucceſſion of 


time, the earth being extremely expoſed to the 
winds, air, and fun ; all theſe irregular. cauſes con- 


curred with the flux and reflux to furrow its ſurface, 
hollow it into depths, and raiſe it into mountains 
which has produced inequalities and irregularities 11 
this Rate of diſtarbed earth, of which, neverthebes 

the 
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greateſt thickneſs can only be about one mile under 
the equator: this inequality of two miles, is perhaps 
the greateſt which can be to the ſurface of the earth, 
for the higheſt mountains are ſcarcely above. one 
mile, and the greateſt depths of the ſea are perhaps 
not one mile. 'The theory is therefore true, and 
practice may be ſo likewiſe ; the earth at firſt was 
only raiſed about 63 miles more under the equator 
than the poles, and afcerwards by the changes which 
have happened to its ſurface, it has been raiſed ſtill 
more. Natural Hiſtory wonderfully confirms this 
opinion, and we have proved in the proceeding diſ- 
courſe that the flux and reflux, and other motions 
of the water, which have produced mountains and 
all the inequalities on the ſurface of the globe: that 
this ſame ſurface has undergone very confiderable 
changes, and that at the greateſt depths, as well as 
on the greateſt leights, bones, thells and other wrecks 
of animals, which inhabit the ſea and earth, are met 
with, 

It may be conjectured by what has been ſaid, that 
to find the ancient earth, and the matters which have 
never been ſtirred, we muſt dig into the parts of the 
pole, where the ſtate of the earth muſt be thinner 
than in the Southern climates. ES of 

On the whole if we examine the meaſures by 
which determined the figure of the earth is, we ſhall 
perceive, that hypotheſis enters into ſuch deter- 
mination, for it ſuppoſes the earth to have the 
figure of a regular curve, whereas it may be 
thought that the ſurface of the globe, having been 
changed by a great quantity of cauſes combined ad 
infinitum ; it perhaps has no regular figure, and 
hence the earth might poſſibly be in fact only flat- 
tened a 230th part as Newton ſays, and as theor 
requires. Beſides it it well known, that altho' it 
has exactly the length of the degree at the polar cir- 
cle and equator, ws have not the length of the de- 
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gree ſo exactly in France, and the meaſure of M. Pi- 
card has not been verified : add to this, that the aug- 
mentation and diminution of the pendulum cannot 
agree with the reſult of meaſures, and that, on the 
contrary, they agree very little with Newton's theory. 
Hence there is more than requiſite for us to ſup- 
ſe, that the earth is really — only a 2 3otli 
part, and that if there is any differenee, it Can pro- 
ceed only from the inequalities which the water and 
other external cauſes have produced on its ſurface ; 
and theſe inequalities being according to all appear- 
- ance more irregular than regular, we muſt form an 
- hypotheſis thereon, nor ſuppoſe, as has been done, 
that the meridians are ellipfis's or ſome other irregu- 
lar curves. From whence we perceive, that when 
we would ſucceffively meaſure many degrees of the 
earth in all directions, we ſhall ſtill not be certain, 
by that of the quantity of flatneſs, that it can have 
more or leſs than the 23oth part. | 4 
Muſt it not be alſo conjectured, that if the incli- 
nation of the axis of the earth has changed, it can 
only be by virtue of the changes happened to the ſur- 
face, fince all the reſt of the globe is homogenous z 
that conſequently this variation is too little ſenſible 
to be perceived by aſtronomers, and that at leaſt as 
the earth has not encountered with any comet, or 
deranged by any other external cauſe, its axis will 
remain perpetually inclined as it is at preſent, and 
as it has always been. 
And in order not to omit any conjectures which 
appeared to me reaſonable, may it not be ſaid, that 
as the mountains and inequalities which are on the 
ſurface of the earth have been formed by the flux and 
re- flux; the mountains andvinequalities which we 
remark on the ſurface of the moon has been produ- 
ced by a ſimilar cauſe ; that they are much higher 
than thoſe of the earth, becauſe the flux and re- flux 
is much ſtronger there; ſince it is the moon here, 


and 
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nd theſe it is, cauſed by the earth, which cauſe 
47 the much more confiderable than that of the 
the moon mult produce much greater effects, if the 
moon had, like the earth, a rapid rotation by which 
it would ſucceſſively preſent to us all the parts of its 
ſurface: but as the moon preſents always the ſame 
ſurface to the earth, the flux and re- flux cannot ope- 
rate on that planet, but by virtue of its motion of 
libration by which it alternatively diſcovers to us a 
ſegment of its ſurface, which muſt produce a kind 
of flux and re-flux, quite different from that of our 
ſea, and the effects of which muſt be much leſs con- 
fiderable than they would be, if this motion had 
from its coutſe a revolution of this planet round its 
axis as quick as the rotation of the terreſtrial globe. 
I ſhould furniſh a book as large as that of Burnet 
or Whiſton's, if I choſe to enlarge the ideas which 
compoſe the-ſyſtem juſt laid down, and by giving 
them a geometrical air, as this laſt author has 
done, I ſhould have given them at the ſame time 
weight: but I think that Hypotheſis's, however 
probable they are, muſt not be treated with that dreſs 
which borders a httle on quackery. 
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PRO OF of the THEORY of the EARTH. 
AK TTe rt 
* From the Syſtem of Whiſton. 


HIS Author commences his treatiſe by a diſſer- 
tation on the creation of the world: he fays, 
that the text of Genefis has been but badly under- 
ſtood ; that the tranſlators have confined themſelves 
too much to the letter and ſenſe which offers itſelf ar 
firſt fight, without conſidering what nature; reaſon, 
Vol. V. CTY philo- 
A new Theory of the Earth, by William Whiſton, 1708. 
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philoſophy, and even decency exacts from the wri- 
ter, to treat this matter in a proper manner. He 
ſays, that the common motion of the world being 
made in fix days is abſolutely falſe, and that the 
deſcription given by Moſes, is not an exact and phi- 
loſophical narration of the whole univerſe and origin 
of things, but an hiſtorical repreſentation of the for- 

mation of the terreſtrial globe only. The earth, ac- 

cording to him, exiſted in the chaos ; and in the time 

mentioned. by Moſes, received the form, ſituation, 

and conſiſtency neceſſary to be inhabited by the hu- 

man race, We ſhall not enter into a detail of his 

proofs in this reſpect, nor undertake their refutation. 

The expoſition we have juſt made, 1s ſufficient to 

demonſtrate the difference of his opinion with pub- 

lic facts, and conſequently the inſufficiency of his 

proofs. On the whole, he treats this matter as a 

theological controvertiſt, rather than as an enligh- 

tened philoſopher. 

Leaving principles, he flies to ingenious ſuppo- 
ſitions, and which, although extraordinary, yet 
have a degree of probability to thoſe, who like him, 
incline to the enthuſiam of ſyſtem. He ſays, that the 
chaos, the origin of our earth, has been the atmoſ- 
phere of a comet : that the annual motion of the 
earth began at the time it took a new form, but that 
its diurnal motion began only when the firſt man fell. 
That the eliptic circle then cut the tropic of can- 
cer, at the point of the terreſtrial paradiſe, on the 
north-weſt fide of the frontiers of Aſfyria: that be- 
tore the deluge the year began at the autumnal equi- 
nox : that the original orbits of the planets, and 
eſpecially that of the earth, were perfect circles be- 
fore the deluge. That the deluge began the 18th of 
November 2765, of the julian period, 1. c. 2349 
years before Chriſt, That the julian year and the 
lunar year were then the ſame, and that they exactly 
contained 360 days. That a comet deſcending in 


the 
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the plane of the eliptic towards its perihelium, paſſed 
near the globe of the carth the ſame day as the de- 
luge began: that there is a greater heat in the inter- 
nal part of the terreſtrial globe, which conſtan:ly 
diffuſes itſelf from the center to the circumference; 
that the internal and total conſtitution of the earth is 
like that of an egg, the ancient emblem of the 
globe: that mountains are the lighteſt part of the 
earth, &c. He afterwards attributes all the alte- 
rations and changes which have happened to the 
ſurface and internal part of the globe, to the univer- 
ſal deluge. He blindly adopts the hypotheſis's of 
Woodward, and indiſtinckly makes uſe of all the ob- 
ſervations of this autaor, on the preſent ſtate of the 
globe; but he ſubjoins much when he ſpeaks of the 
future ſtate of the earth: according to him it will be 
conſumed by fire, and its deſtruction will be proceed- 
ed by terrible earthquakes, thunder, and frightful 
meteors ; the ſun and moon will have an hideous aſ- 
pet, the heavens will appear to fall, and the flames 
will be general over all the earth : but when the fire 
ſhall have deyoured all that it contains impure ; 
when it ſhall be vitrified and tranſparent as chriſtal, 
the ſaints and the bleſſed will return and take poſſeſ⸗ 
ſion of it, and inhabit it till the day of judgment. 
All theſe hypotheſis's at the firſt glance appear to 
be ſo many rath, not to ſay extrav: agant aſſertions: 
nevertheleſs, the author has managed them with 
ſuch addreſs, and treated them with ſuch ſtrength, 
that they ceaſe to appear abſolutely chimerical. He 
gives to his ſubject as much ſpirit and knowledge as 
hecould, and it will be ever ſurprizing, that from a mix- 
ture of ideas fo very abſurd, a ſyſtem could be found to 
miſlead mankind. It has not affected vulgar minds 
ſo much as it has dazzled the eyes of the learned, be- 
cauſe they are more eaſily diſconcerted than the vul- 
gar by the ſtamp of erudition, and by the power and 
novelty of ideas. Our author was a celebrated aftro- 


nomer ; 
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nomer ; he could never perſuade himſelf that this 
ſmall grain of ſand, this earth which we inhabit, had 
attracted the attention of the Creator ſo greatly, as 
to occupy it longer than the heaven and the uni- 
verſe, the vaſt extent of which contains millions of 
millions of ſouls and earths. He pretends therefore, 
that Moſes has not given us the hiſtory of the firſt 
creation, but only the detail of the new form that 
the earth took when the hand of the Almighty drev 
it from the maſs to make it a planet; or what a- 
mounts to the ſame, when from a world of diſorder 
and unſhapen, Chaos formed it into a habita- 
tion, and an agreeable abode. The comets are, 
in fact, ſubjected to terrible viciſſitudes by reaſon of 
the excentricity of their orbits. Sometimes, like that 
in 1680, it is a thouſand times hotter there than in 
the midſt of a red hot ſtove : ſometimes it is colder 
than ice, and they can be inhabited only by ſtrange 
creatures. 

The planets, on the contrary, are places of reſt 
where the diſtance from the ſun, not varying much, 
the temperature remains nearly the ſame, and per- 
mits different kinds of plants and animals to grow, 
laſt, and multiply. 

In the beginning God created the world; but ac- 
cording to our author, the earth, confounded with 
other excentric ſtars, was then an inhabitable 
comet, ſuffering alternatively the exceſs of heat and 
cold, in which matters, liquifying, vitrifying and 
freezing by turns, formed a chaos, an abyts, ſur- 
rounded with thick darkneſs : & tenebre erant ſuper- 
faciem abyſi. This chaos was the atmoſphere of the 
comets, which muſt be: repreſented as a body 
compoſed of heterogeneous matters, the center 
occupied by a ſpherical, ſolid and hot ſub— 
ſtance, of about two thouſand miles diameter, around 
which every great ſurface ot a thick fluid extended, 
mi ed 


NATURAL HIS TOR x. 389 


mixed with an unſhapen and confuſed matter, like 


tbe ancient chaos, rudis indigeſtague moles. 


This _ vaſt atmoſphere contained but very few 
dry, ſolid, or terreſtrial parts, ſtill leſs aqueous 
or aerial particles; but a great quantity of fluid, 
denſe and heavy matters, mixed, agitated and con- 
founded together. Such was the earth before the 
ſix days, but on the firſt day of the creation, when 
the excentrical orbit of the comet had been changed, 
every thing took its place, and bodies arranged 
themſclves according to the law of gravity, the 
heavy fluid deſcended to the loweſt places, and 
left the upper region to the terreſtrial, aqueous and 
acrial parts : thoſe likewiſe deſcended according 
to their order of gravity : firſt, the earth; then the 
water, and laft of all the air. This ſphere of an 
immenſe chaos, reduced itſelf to a globe of a mode- 
rate fize, in the center of which 1s the ſolid body, 
which to this day retains the heat which the ſun 
formerly communicated to it, when it belonged 
to a comet. 'This heat may poſſibly endure fix thou- 
ſand years. Since the comet of 168 required fifty 
thouſand years to cool in, and that in paſting by its 
perhichum, it endured a heat two thouſand times 
fironger than that of red hot iron. Around this ſo- 
lid and burning matter which occupies the center 
of the earth, the denſe and heavy fluid which deſ- 
cended the firſt is to be found, and this 1s the fluid 
which forms the great abyſs on which the earth 1s 
borne, like cork on quickſilver: but as the terreſtrial 
parts were mixed with much water, in deſcending 
they have dragged with them a part of this water, 
which has not been able to reaſcend after the earth 
was conſolidated. This water formed a concentri- 
cal bed with the heavy fluid which ſurrounds this hot 
ſubſtance, inſomuch that the great abyſs is compaſſed 
with two concentrical orbs, the moſt internal of which 
is a hcavy fluid, and the other water. It is properly 
; this 
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this bed of water which ſerves for a foundation to 
the earth, and it is this admirable arrangement of 
the atmoſphere of the comet, in which the theory of 
the earth and the explanation of the phenomena 
depend. 

For we know that when the atmoſphere of a co- 
met was once diſembarraſſed from all theſe ſolid and 
terreſtrial matters, there remains only the lighter 
matter of the air, through which the rays of the ſun 
freely paſſed, and which, all at once, produced li 85 ; 

lux. We ſee the columns which compoled the 
orb of the earth, being formed with ſuch great pre- 
cipitation, are found of different denſities, and that 
conſequently, the heavieſt has ſunk deeper into this 
ſubterraneous fluid; and it is this which has produ- 
ced valleys and mountains on the ſurface of the. 
earth. Theſe inequalities were, before the deluge, 
diſperſed and ſituated otherwiſe than they are at pre- 
ſent. Inſtead of the vaſt valley which the ocean 
contains, there were many ſmall divided cavities 
on the ſurface of the globe, each of which contained 
a part of this water, and formed ſo many fmall par- 
ticular ſeas : the mountains were alſo more divided, 
and did not form chains as they at preſent do: ne- 
yertheleſs, the earth was a thouſand times more pco- 
pled, and conſequently a thouſand times more fer- 
tile than it now eis; the life of man and animals were 

a thouſand times longer, and all that, becauſe the 
anon heat of the earth which proceeded from 
the center, was then in its full power; and that 
this greateſt degree of heat, unfolded and ſhot 
out a greater number of plants and animals, and gave 
them a degree of vigour, negeſſary for them to ſub- | 
fiſt a long time, and multiply in greater abundance. 
But this heat, by increating the ſtrength of bodies, 
unfortunately tended to the heads of men and ani- 

mals; it augmented their paſſions; it deprived ani- 
mals of wiſdom and men of innocence ; all, except 


fiſh, 
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fiſh, which inhabit in a cold element, feel the 
effects of this heat ; at length all became cri- 
minal and merited death. It therefore came, 
and this univerſal death happened on a Wedneſday, 
the 28th of November, by a terrible deluge of forty 
days and forty nights, and this deluge was cauſed by 
the tail of another comet, which encountercd the 
earth in returning from its perihelium. 

The tail of a comet is the higheſt part of its atmoſ- 
phere; it is a tranſparent miſt, a ſable vapour, which 
the heat of the ſun exhales from the body and atmoſ- 
phere of the comet: this vapour compoſed of ex- 
tremely rarefied aqueous and aerial particles, follows 
the comet when it deſcends to its perihelium, and 
precedes when it re- aſcends, fo that it is always fitu- 
ate oppoſite to the ſun, as if it ſought to be in the 
ſhade, and avoid the too great heat of that luminary. 
The column which this vapour forms is always of an 
immenſe length, and the more a comet approaches 
the ſun, the longer and mere extended is its tail, fo 
that it often occupies a very great ſpace, and as man 
comets deſcend below the annual orb of the carth: 
it is not ſurpriſing that the earth is ſometimes found 
ſurrounded with the vapour of this tail ; this 1s pre- 
ciſely what happened at the time of the deluge. Two 
hours ſtay in this tail of a comet is ſufficient to 
throw down as much water as there is in the ſea. In 
ſhort, the tail was the cataract of heaven, & catarac- 
ti celi aperti ſunt, In fact, the terreſtrial globe, 
having once met with the tail of the comet, it muſt, 
in going its courſe, appropriate to itſelf a part of the 
matter which it contains ; all which is to be found 
in the ſphere of the attraction, the globe muſt fall oa 
the earth, which muſt fall in the form of rain, fince 
this tail is partly compoſed of aqueous vapours. This 
therefore is a rain which may be thrown down abun- 
dantly; this is an univerſal deluge, the waters of 

| which 
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which will eafily ſurmount the higheſt mountains. 


_ Nevertheleſs our author who in this part of his work, 


will not quit the holy writ, does not ſay that this rain 
was the ſole cauſe of the univerſal deluge, he takes 
the water from every place it is in : the great abyſs, 
as we ſee contains a ,good quantity of it, the earth 
at the approach of the comet will without doubt, 
kave proved the force of its attraction ; the liquids 
contained in the great abyſs will have been agitated 
by ſo violent a flux and reflux, that the ſuperficial 
cruſt could not reſiſt, but ſplit in ſeveral places, and 
the internal waters were diſperſed over the ſurface, 
& rupti ſunt fontes Abyſſi. 


But what became of theſe waters, which the tail 


of the comet, and the great abyſs furniſhed ſo libe- 


rally ? Our author is not the leaſt embarraſſed there- 
on: as ſoon as the earth continuing its courſe, was 


removed from the comet, the effect of its attraction, 


the motion of flux and reflux ceaſed in the great 
abyſs : and hence the upper waters were precipita- 
ted there with violence by the ſame roads as the 

were driven. The great abyſs abſorded all the 
ſuperfluous waters and was of a pry large e- 
nough not only to receive the waters which it already 
contained; but alſo, all thoſe which the tail of the 
comet had left, becauſe during the time of its agita- 
tion, and the rupture of its cruſt, it had enlarged 
the ſpace by driving on all fides the earth which ſur- 
rounded it, It was in this time alſo, the figure of 


the earth, which till then was ſpherical, became el- 


liptic, as well by the effect of the centrifugal force, 
cauſed by its diurnal motion, as by the action of 
the comet: and that becauſe the earth in running 
over the tail of the comet, found itſelf placed ſo that 
it preſented the parts of the equator to that planet, 
and that the force of the attraction of the comet 
concurring with the centrifugal force of the earth, 
cauſed the parts of the equator to be elevated ; * 

the 
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the mare facility, as the cruſt was broken, and di- 
vided into an infinity of parts, and as the aQtion of 


the flux and re-flux of the abyſs, drove the parts of 


the equator more violently than elſewhere, 

| Here then is a hiſtory of the creation; the cauſes 
of the univerſal deluge ; the length of the life of the 
firſt Man; and the Sure of the earth ; all this ſeems 
to have coſt our author little or no labour; but 
Noah's ark, appears to have greatly diſquieted him; 
how in fact to imagine that in the midſt of ſo terrible 
a diſorder ; in the midſt of the confuſion of the tail 
of a comet with the great abyſs ; in the midſt of the 


ruins of the terreſtrial globe, and in the terrible mo- 


ments wherein not only the elements of the earth were 
confuſed : but where new elements ſtill concurred to 
augment the chaos ; how to imagine that the Ark 
floated quietly with its numerous cargo on the top 
of the waves! Here our author makes 
efforts to arrive at, and give a phyſical reaſon for 
the preſervation of the ark; but it has appeared 
to me inſufficient, poorly imagined, and but little 
orthodoxical, I will not here relate it; it will be 
ſufficient for me to point out how hard it is for a 
man who has explained ſuch 17801 things, without 
having recourſe to a ſupernatural power or a miracle, 
to be ſtopt by one particular circumſtance z ſo our 
author choſe rather to drown himſelf with the ark, 
than to attribute to the immediate bounty of the 
almighty, the preſervation of this precious veſſel, 

I ſhall only make one remark on this ſyſtem, of 
which I haye juſt made a faithful expoſition ; which 
is, that every time that we are raſh enough to at- 
tempt to explain theological truths, by phyſical rea- 
ſons, or interpret purely by human views, the divine 
text of holy writ, or that we endeavour to reaſon on 
the will of the moſt high, and on the execution of 
his degrees; we conſequently ſhall fall into the dark- 
nels and chaos where the author of this ſyſtem is 

Vol.. V. Ddr d © * "fallen 
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fallen into ; and which nevertheleſs, has been recei- 
ved with great applauſe. He neither doubts of the 
truth of the deluge, nor of the authenticity of the ſa- 
cred writ : but, as he was leſs employed with it, than 
with phyfic and aſtronomy : he has taken the paſ- 
ſages of the ſcripture for phyſical circumſtances, and 
the reſults of aftronomical obſervations; and has 
Þ ſtrangely blended the divine knowledge with hu- 
man, that the moſt extraordinary matter in the 
world has reſulted therefrom, which is the ſyſtem 
abovementioned. | 
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re. 
From the Syſtem of M. Burnet. 


Thomas | Burnet. Telluris theoria ſacra, orbis neftri 
. originem & mutatationes generales quas aut jain ſubſit, 
aut olim Subitutus ft complecFens. Londini, 1681. 


i H1 S author is the firſt who has treated this 
- matter generally, and in a ſyſtematical man- 
ner, he was poſſeſſed of much underſtanding, and 
was a perſon well acquainted with the belles let- 
tres. His work is in great reputation; and he 
Bas been criticiſed by ſome of the learned, a- 
mong the reſt Mr. Keil, who has geometrical- 
ly "demonſtrated the errors of Mr. Burnet, in 
a. treatiſe called “ Examination of the Theory 
of the Earth. London, 1734, 2d edit.” This Mr. 
Keil, has alſo refuted Whiſton's ſyſtem, but he treats 
the laſt author very different from the firſt, he 
ſeems even to be of his opinion in ſeveral caſes; 
and he looks upon the tail of a comet to be a very 
probable cauſe for the deluge. But, to return to 
s, his book is clegantly written: he knew how 


to paint noble images with great power, and to place 
| | mag- 
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magnificent ſcenes before our eyes. His plan is vaſt, 
but the execution is deficient for want of means, 
his reaſoning is good, but his dre are weax: 
and his confidence is ſo great that he cauſes his 
readers to loſe it. | 
He begins by telling us, that before the deluge, 
the earth had a very different form from that which 
we at preſent ſee it in: it was at firſt a fluid maſs, 
2 chaos compounded of matter of all kinds, and 
of all ſorts of figures, the heavicſt deſcended to- 
wards the center, and form a hard and ſolid body 
in the middle of the globe ; around which the more 
lighter waters colle&ed and ſurrounded the internal 
globe on every fide. The air, and all the liquors 
lighter than water, ſurmounted it and ſurrounded it 
in all its circumference. Between the orb of air, 
and that of water, an orb of oil and greaſy liquor 
was formed lighter than water: but as the air was 
ſtill very impure, and as it contained a very great 
quantity of ſmall particles of terreſtrial matter, 
degrees theſe particles. deſcended, and fell on the 
bed of oil, and formed a terreſtrial orb blended with + 
mud and oil ; and this was the firſt habitable earth, 
and the firſt abode of man. This was an excellent 
ſoil, a light greaſy earth made on purpoſe to yield 
to the firſt germs : the ſurface of the terreſtrial globe 
was therefore at firſt equal, uniform, continued, 
without mountains, without ſeas, and without ine- 
qualities: but the earth remained only about fixteen 
centuries in this ſtate, for the the heat of the ſun 
by degrees drying this muddy cruſt, ſplit it at firſt 
on the ſurface, wo after theſe cracks penetrated 
farther and increaſed ſo conſiderably by time, that 
at length they opened, in an inſtant the whole earth 
fell into pieces in the abyſs of water, it continued, 
and thus the univerſe was made, 
But all theſe maſſes. of earth, by falling into the 
abyſs, dragged along with them a great quantity 
| | of 
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of air; theſe ſtruck againſt each other, divided and 
accumulated fo irregularly, that they left great ca- 
vities filled with air. The waters by degrees open- 
ed theſe cavities and in proportion as they filled them, 
the ſurface of the carth diſcovered itſelf in the high- 
eſt parts: at length water alone remained in the 
loweſt parts; that is to ſay, the vaſt valleys which 
contains the ſea. Thus our ocean is a part of the 
ancient, abyſs, the reſt is entered into the inter- 
nal caviiies with which the ocean communi- 
cates, The iſlands are the ſmall fragments, the 
continents are the great mafles of the old cruſt, and 
as the rupture and the fall of this cruſt are made 
with confuſion, it is not ſurprizing to find eminences, 
depths, pliins and inequalities of all kinds on the 
ſurface ot the earth, 5 
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ARTICLE 1v. 
From the Syſtem of Jobn Woodward. 


Jonun WoopwarD. An E ay towards the Natura; 
* Hiſtory of the Earth, Sc. 


85 may be ſaid of this author, that he attempted 
to raiſe an immenſe monument on a lefs ſolid 
baſe than the moving ſand, and to build the edifice 
of the world on duſt. For he pretends, that dur- 
ing the time of the deluge a total diſſolution of the 
earth was made. The I idea which preſents, af- 
ter having gone through his book, is, that this diſ- 
ſolution was made by the waters of the great abyſs, 
which are diffuſed over the ſurface of the earth, and 
which have diluted and reduced into paſte, ſtone, 
rocks, marble, &c. He pretends, that the abyſs 
where this water was included, opened all at once 
at the yoice of God, and diſperſed over the ſurface 


* 
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of the earth, the enormous quantity of water neceſſary 
to cover and ſurmount che higheſt mountains, and 
that God ſuſpended the cauſe of the coheſion of bo- 
dies, which reduced all into duſt, &c. He does not 
conſider that by theſe ſuppoſitions, he adds other mi- 
nutes to that of the univerſal deluge, or at leaſt phy- 
ſical impoſſibilities which agree neither with the letter 
of the holy writ, nor with the mathematical princi- 
ples of natural philoſophy. But, as this author has. 
the merit of having collected many important obſer- 
vations, and as he was better acquainted with the 
matters of which the globe is compoſed, than thoſe 
who preceded him. His ſyſtem, although badly 
conceived and badly digeſted, has nevertheleſs daz- 
zled people ſeduced by the truth of ſome particular 
circumſtances, ſomewhat difficult on the probability 
of general conſequences. We have therefore thought 
it our duty to preſent an extract from this work, in 
which by doing juſtice to the author's merit, and the 
exactneſs of his obſervations, we ſhall put the reader 
in a ſlate of judging of the inſufficiency of this ſyſ- 
tem, and of the falſity of ſome of his remarks. All 
Woodward ſpeaks of, having diſcovered by his ſight, 
that all matters which compoſe the Engliſh earth, 
from the ſurface to the deepeſt places to which he 
deſcended, were diſperſed by ſtrata, and that in a 
oreat number of theſe there were ſhells and other 
marine productions: he afterwards adds, that by his 
correſpondents and friends he was aſſured, that in o- 
ther countries the earth is compoſed of the ſame, 
and that ſhells are found there, not only in the plains 
but on the higheſt mountains, in the deepeſt quar- 
ries and in an infinity of places. He perceived their 
ſtrata to be horizontal and diſpoſed one over the o- 
ther, as matters are which are tranſported by the wa- 
ters and depoſited in form of ſediment. "Theſe ge- 
netal remarks which are true, are followed by par- 
ticular obſervations, by which he evidently _— 

6 that 
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that foſſils found incorporated in the ſtrata, are real 
ſhells and marine productions, not minerals and ſin- 
| an bodies, the ſport of nature, &c. To theſe ob- 
ervations, though partly made before him, which 
he has collected and proved, he adds others leſs ex- 
act. He aflerts, that all matters of different ſtrata 
are placed one on the other in the order of this ſpe- 
cifica! gravity, fo that the heavieſt are lowermoſt, 
and the hghteſt uppermoſt. This general circum- 
ſtance is not true ; we muſt there ſtop our author, 
and ſhew him rocks which we ſee are on clay, ſand, 
coal, bitumen, and which certainly are ſpecitically 
heavier than all theſe matters: for if, in fact we 
found throughout the earth at firſt ſtrata of bitumen, 
then chalk, then marl, clay, ſand, ſtone, marble, 
and at laſt metals, ſo that the compofition of the 
earth exactly followed the law of gravity, and that 
matters were placed in that order, there would be 
an appearance, that they might be all precipita- 
ted at the ſame time; which our author aſſerts with 
confidence, in ſpite of the evidence to the contrary; 
for without being a naturaliſt, we need only have 
our eye ſight to be affured that we find heavy mat- 
ters placed on lighter, and that conſequently theſe 
ſediments are not precipitated all at one time; but, 
that on the contrary, they have been brought and 
depoſited ſucceſſively by the water. As this is the 
foundation of his ſyſtem, and which carries all the 
manifeſt marks of falſity with it; we ſhall follow 
it no farther than to ſhew how far an erroneous 
principle may produce falſe combinations and evil 
conſequences, Every matter, ſays our author, which 
compoſes our earth, from the ſummits of rhe high- 
eſt mountains, to the greateſt depths of mines and 
and quarries, are diſpoſed by ſtrata, according 
to their ſpeciſical weight; therefore, he concludes, 
all the matter which compoſes the globe, has been 
diffolved and precipitated at on time. But in what 
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manner, and in what time has it been diffolved ? 
In water, and at the time of the deluge : but there 
is not a ſufficient quantity of water on the globe 
for this to be effected, ſince there is more earth 
than water, and that the bottom of the ſea is earth: 
and he tells us, there is more water than is requiſite 
at the center of the earth, that it is only neceſ- 
ſary for it to aſcend, to afford him the virtue of an 
univerſal diſſolvent, and the quality of a preſerva- 
tive, for the ſhells which alone have not been 
diſſolved, whereas marble and ſtone have: and af- 
terwards to find the means for this water to enter 
into the abyſs, and to make all this agree with the 
hiſtory of the deluge. This then is the ſyſtem, 
the truth of which, the author does not the leaſt 


doubt of: for when we oppoſe to him that water 


nv 


cannot diffolve marble, ſtone, and metals, eſpeci- 


ally in forty' days, the duration of the deluge; 
he anſwers ſimply, that nevertheleſs it has happened 
ſo; when he is aſked, what the virtue of this water 
of the abyſs was, to diffolve all the earth, and at 
the ſame time preſerve the ſhells ? he ſays, that he 
never pretended that this water was a diſſolvent; 
but that it is clear, by facts, that the earth has 
been diflolved and the ſhells preſerved. At length, 
when he is preſſed, and he is evidently ſhewn that 
if he has no reaſon to give for theſe phenomena ; 
his ſyſtem does not explain any thing, he ſays that 
we have only to imagine, that during the deluge 
the force of gravity, and the coherency of matter 
ceaſed on a ſudden, and that by means of this 
ſuppoſition, the effort of which is very eaſy to con- 
ceive, we explain in a very ſatisfactory manner, 
the diſſolution of the old world. But, fay we, it 
the power which holds the parts of matter united 
has ceaſed, why have not the ſhells been diffolv- * 
ed as well as all the reſt? Here he makes a dil- 
courſe on the organiſation of ſhells, and bones of a- 


nimals, 
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nimals, by which he pretends to prove that their 
texture being fibrous, and different from that 6f 
minerals, their power of coherence is of another 
kind : after all, we have, ſays he, only to ſuppoſe, 
that the power of gravity and coherency did not en- 
tirely ceaſe ; but that it only has diminiſhed ſuffici- 
ently to diſunite all the parts of minerals, but not 
thoſe of animals. To all this we cannot be pre- 
vented from diſcovering, that our author was not 
ſo good a phyſigian as naturaliſt, and I do not think 
it neceſſary ſeriouſly to refute opinions without foun- 
dation, eſpecially when they have been imagined 
againſt the rules of probability, and have only been 
drawn from conſequences contrary to mechanical 
laws. vo 


— 


— — 


rr 
Expoſition of ſome other Syſtem. 


E ſee clearly that the three forementioned hy- 
| potheſis's have much in common with each 
other. They all agree in this point, that during 
the deluge, the earth changed its form, as well ex- 
ternally as internally: thus all theſe ſpeculators, 
have not conſidered that the earth before the deluge 
being inhabited by the ſame kind of men and ani- 
mals, muſt neceſſarily be nearly ſuch as it at pre- 
fent is; and that in fact, the holy writ teaches us, 
that before the deluge there were rivers, ſeas, moun- 
tains, foreſts, and plants, on the earth. That theſe 
rivers and mountains were for the moſt part the 
ſame, fince the Tigris and Euphratis were the rivers 
of the ancient paradiſe : that the mountain of Ar- 
menia on which the ark reſted, was one of the 
higheſt mountains in the world at the deluge, as it 
is prelent: that the ſame plants and animals * 
exi 
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exiſt now, exiſted then, ſince the ſerpent, the raven, 
and the dove, which brought the olive branch, are 
ſpoken of; for although Tournifort aſſerts there 
are no olive trees for more than four hundred miles 
from Mount , Ararat, and paſſes ſome abſurd jokes 
thereon, (Voyage du Levant, vol. 11, page 336) it 
is neyertheleſs certain there were ſome at the 
time of the deluge, ſince holy writ affures us of it, and 
it is not at all aſtoniſhing that in the ſpace of 4000 years 
the olive trees have been deſtroyed in theſe quarters, 
and multiplied in others; it is therefore con- 
trary to ſcripture, that thoſe authors have ſuppoſed 
the earth was quite different from its preſent ſtate be- 
fore the deluge; and this contradiction of their 
hy potheſis's, with the ſacred text, as well as their op- 
polition to phyſical truths, muſt cauſe their ſyſ- 
tems to be rejected, if even they ſhould agree 
with ſome phenomena, Burnet had neither ob- 
tervations nor any real circumſtances for the foun- 
dation of his ſyſtem. Woodward has only given 
us an eſſay, in which he promiſed much more than 
he could perform ; his book is a project, the execu- 
tion of which has not been ſeen, We only ſee, that 
he made uſe of two general obſervations; the firſt, that 
the earth-is every where compoſed of matters which 
formerly were in a ftate of ſoſtneſs and fluidity, 
tranſported by the waters, and depoſited in ho- 
rizontal ſtrata : the 2d, that there are marine pro- 
ductions in every part of the earth. To give a rea- 
ſon for theſe circumſtances, he has recourſe to the 
univerſal deluge, or rather it appears, that he gives 
them only as procfs of the deluge, but like Burnet he 
falls into evident contradictions, for it is not to be 
ſuppoſed with them, that there were no mountains 
prior to the deluge, fince it is preciſely and very 
clearly proved, that the waters covered. the highett 
mountains. On the other hand, it is not ſaid, that 
theſe waters deſtroyed, and diſſolved th2te moun- 

Vol. V. E e e tains; 
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tains; but, on the contrary, theſe mountains remained in 
their places, and the 3/4 reſted on that which the wa- 
ter left firſt vifible. Beſides, how can it be ima- 
gined, that during the ſhort duration of the deluge, 
the waters were able to diſſolve the mountains and the 
earth | is it not an abſurdity to ſay, that in forty 
days the water diſſolved all marble, rocks, ſtones, 
and minerals? Is it not a manifeſt contradic- 
tion to admit this total diflolution, and at the 
ſame time to ſay, that the ſhells and marine pro- 
ductions were alone preſerved, ſo that we find 
them at preſent entire, and the ſame as they 
were before the deluge? I ſhall not fear therefore to 

ſay, that Woodward with excellent obſervations has 
only formed a bad ſyſtem. Whiſton who came the 
laſt, greatly enriched the others, but by giving a vaſt 
ſcope to his imagination, has he not at leaft fell 
into contradiction ? He ſpeaks of matters not very 
credible, but they are neither abſolutely nor evi- 
dently impoſſible. As we are ignorant of what is at 
the center and bowels of the earth, he thought he 
might ſuppoſe, that the internal part was occupied by 
a ſolid matter, ſurrounded with a heavy fluid, and 
afterwards with water, in which the external cruſt of 
the globe was ſuſtained, and in which the different 
parts of this cruſt were, more or leſs ſunk, in pro- 
portion to their relative weight or lightneſs, which has 
produced mountains and inequalities in the ſurface of 
the earth. It muſt be acknowledged, that this aſtro- 
nomer has committed a mechanical fault ; he did not 
dream that the earth according to this hypotheſis's, 
muſt be hollow, and that conſequently it could not be 
borne on the water it contains, and much leſs ſunk 
therein. I do not know but there are many other 
phyfical errors in his ſyſtem. There are a great num- 
ber, as well in metaphyfics as in theology, but on the 
whole it cannot be denied abſolutely that the earth 
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meeting with the tail of a comet when it approached 
its perihelium, might not be inundated, eſpecially al- 
lowing the author that the tail of a comet may contain 
aqueous vapours, It cannot be alſo denied, as an 
an abſolute impoſſibility, that the tail of a comet, in 
returning from the perihelium might not burn the 
earth, if we ſuppoſe with the author, that the comet 
paſſed very near the ſun, and was prodigioufl 
heated during its paſſage ; it 1s the ſame with the 
reſt of the ſyſtem : But as there is no. abſolute impoſ- 
ſibility, there is ſo little probability to each thing 
taken ſeparately, that there reſults an impoſſibility 
for the whole taken together. 

The three ſyſtems we have ſpoken of are not the 
only works which have been compoſed on the theory 
of the earth; a Memori of Mr. Bourquet ap- 
peared in 1729, printed at Amfterdam, with his 
philoſophical letters on the formation of ſalts, &c. in 
which he gives a ſpecimen of the ſyſtem he medita- 
ted, but which he has not compoſed, having been pre- 
vented by death. We muſt do juſtice to this author, 
no perſon has better collected phenomena and facts: 
to him we owe that great and beautiful obſervation, the 
correſpondence of the angles of mountains. He pre- 
ſents everv thing which relates to theſe matters in great 
order, but with all thoſe advantages, it appears that he 
has no better ſucceeded than the reſt in making a phy- 
fical and reaſonable hiftory of the changes happened 
to the globe, and that he was very wide from having 
found the real cauſe of the effects he relates; to be con- 
vinced of it, we need only caſt our eyes on the propo- 
fitions which he deduces from the phenomena, and 
which ought to ſerve for the baſis of his theory. He ſays, 
that the whole globe took its form at one time, and 
not ſucceſſively, that the form and diſpoſition of the 
globe neceffarily ſuppoſes that it has been in a ſtate 
of fluidity, that the preſent ſtate of the earth is very 
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different from that in which it has been for many ages 
after its firſt formation ; that the matter of the globe 
was from the beginning leſs denſe than it has been 
fince it has altered its appearance ; that the conden- 
{ation of the ſolid parts of the globe diminiſhes with 
the velocity of the globe itſelf, ſo that after having 
made a number of revolutions on its axis, and round 
the ſun, it found itſelf on a ſudden in a ſtate of 
diſſolution which deſtroyed its firſt ſtructure, which 
happened about the vernal equinox ; that in the 
time of this diſſolution the ſhells introduced them- 
ſelves into the diflolved matters: that after this diſ- 


' ſolution the earth took the form that we ſee it in, and 


that the fire directly infuſed itſelf therein, conſumes 
it by degrees, and ſtill continues to increaſe; ſo that it 
will be one day deſtroyed by a terrible exploſion, ac- 
companied with a general fire, which will augment 
the atmoſphere of the globe, and will diminiſh its 
diameter, and that then the earth, inſtead of beds 
of ſand or earth, will have only ſtrata of calcined 
metal, or minerals, compoſed of amalgamas of dif- 
ferent metals. | 

This is ſufficient to ſhew the ſyſtem the author 
meditated; to devine in this manner the paſt, and pre- 
dict the future, and ſtill to divine and predict 
nearly as others have predicted, does not appear to 
me to be an effort of judgment; this author alſo had 
much more knowledge and erudition, than ſound 
and general views, and he appears to be deficient in 
the part neceſſary to phyſicians, of that metaphyſic 
which collects particular ideas, which renders them 
more general, and which raiſes the mind to the 
point where it ought to be to ſee the links of cauſes 
and effects. 

In the acts of Leipſic, page 40, the famous Leib- 
nitz gave a ſcheme of quite a different ſyſtem, under 
the title of Protogea., The earth, according to 
Bourquet and others, muſt end by fire; according 

to 
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to Leibnitz it began by it, and has ſuffered many 
more changes and revolutions than is imagined. 
The greateſt part cf the terreſtrial matter was ſur- 
rounded by a violent fire during the time when Moſes 
ſays, light was divided from darkneſs. The pla- 
nets, as well as the earth, were fixed ſtars, luminous 
of themſelves. After having burnt a long time, he 
pretends that they were extinguiſhed for want of com- 
buſtible matter, and are become opaque bodies. 
Fire by the melting of matters has produced a vitri-, 
fied cruſt, and the bafis of all the matter which com- 
poles the globe is glaſs, of which the ſand is only 
fragments; the other kinds of earth are formed from 
a mixture of this ſand with fixed ſalts and water, and 


when the cruſt cooled, the humid parts which were- 


raiſed in form of vapours, refell, and formed the 
ſea. They at firſt ſurrounded the whole ſurface of 
the globe, and even ſurmounted the higheſt parts 
which at preſent forms continents and iſlands. Ac- 
cording to this author, the ſhells and other wrecks 
of the ſea every where found, proves. that the ſea 
has covered the whole earth ; and the great quantity 
of fixed ſalts, ſand, and other melted and calcined 
matters, which are included in the bowels of the 
earth, proves that the fire has been general, and 
that it preceded the exiſtence of the ſea. Although 
theſe thoughts are void of proofs, they are capital, 
and we plainly perceive them to be the production 
of the meditations of a great genius. The 1deas 
have connection, the hypothefis's are not ab- 
ſolutely impoſſible, and the conſequences that may 
be drawn therefrom are not contradictory ; but the 
grand defect of this theory is that it is not appli- 
cable to the preſent ſtate of the earth, it is the paſt 
which it explains, and this paſt is fo far back, and has 
left us ſo few remains that we may ſay what we 
pleaſe of it, and that in proportion as a man has 
more fancy, he may ſpeak things which will carry, 

with 
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with them the air of probability. To aflert, as 
Whiſton has done, that the earth has been a comet, 

or to pretend with Leibnitz that it has been a ſun, 
is ſaying things equally poſſible or impoſſible, and 
to which it would be ſuperfluous to apply the rules 
of probability. To ſay that the fea formerly covered 
all the earth, that it ſurrounded the whole glove, 
and that it is for this reaſon ſhells are every where 
found: this is not paying attention to a very etffen» 
tial point, which is the unity of the time of the 
creation; for if that was ſo, it ſhould neceſſarily be 
ſaid, that ſhell fiſh and other inhabitants of the fea, 
of which we find the remains in the internal part of 
the earth, exiſted the firſt, and a long while be- 
fore man, and all terreſtrial animals. Now 1nde- 
pendent of the teſtimony of holy writ, have we not 
reaſon to think, that all animals and vegetables are 
nearly as antient as each other ? 

M. Scheuchzer, in a differtation, which he has 
addreſſed to the academy of ſciences in 1729, attri- 
butes, like Woodward, the change, or rather the 
ſecond formation of the ſurface of the globe, to the 
univerſal deluge; and to explain that of mountains, 
he ſays, that after the deluge, God chuſing to return 
the waters into ſubterraneous reſervoirs, broke and 
diſplaced with his all-powerftul hand a great number 
of beds before horizontal, and raiſed them to the 
ſurface of the globe; the whole diſſertation is com- 
poſed to imply this opinion. As it was requiſite, for 
theſe heights or eminences ſhould be of a very ſold 
conſiſtence, M. Scheuchzer remarks, that God only 
drew them from places where there were many ſtones; 
from hence, ſays he, it proceeds, that thoſe countries, 
as Switzerland, where there are a great quantity, arc 
mountainous ; and on the contrary, thoſe which, as 
Flanders, Germany, Hungary, and Poland, have 


only ſand or clay, even to a very great depth, are 


almoſt 
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almoſt entirely without mountains (See the Hiſt, of 
the Acad. 1708, page 32.) 

This author more than any other is defirous of 
blending phyſic with theology, and as he has given 
us ſome good obſervations, the ſyſtematical part of 
his works is ſtill worſe than that of thoſe who have 
preceded him. On this ſubject he has even made de- 
clamations and ridiculous witticiſms. See the com- 
plaint of the firſt piſcium quereleæ, & c. without ſpeak- 
ing of his large work in many folio volumes, Fhyſica 
Sacra, a puerile work, which appears to be compo- 
ſed leſs for men, than to amuſe children, by en— 
gravings and images, which are diffuſed through- 
out without deſign or neceſſity. 

Stenon, and ſome others after him, have attributed 
the cauſc of the incqualities of the carth to par- 
ticular inundations, earthquakes, &c. but the ef- 
fects of theſe ſecondary cauſes have been only able to 
produce ſome flight changes. We admit of theſe 
cauſes after the firſt cauſe, which is the motion of 
flux and reflux, and the motion of the ſea from caſt 
to weft. On the whole, Stenon nor the reſt have gi- 
ven neither theory nor even general facts on this 
matter. See the Diff. de Solo Solido infra Solidum, 
CC. 

Ray pretends that all mountains have been pro- 
duced by earthquakes, and he has compoſed a trea- 
tiſe to prove 1t ; we ſhall ſhew under the article of 
Volcano's, what little foundation his opinion is 
built upon, 

We cannot diſpenſe with obſerving that moſt of 
the authors we have ſpoken of, as Burnet, Wood- 
ward, and Whiſton, have committed a fault 
which appears to deſerve to be cleared up, which 
is, to have looked upon the deluge as poſſible by the 
action of natural cauſes, whereas ſcripture preſents 
it to us as produced by the immediate will of God, 
there is no natural cauſe which can produce on the 
whole 
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whole ſurface of the earth the quantity of water re- 


quired to cover the higheſt mountains, and if even 


we could imagine a cauſe proportionate to this ef- 
fect, it would be ſtill impoſſible to find another 
cauſe capable of cauſing the water to diſappear, for 
by allowing Whiſton, that theſe waters proceeded 
from the tail of a comet, we muſt deny him that it 
proceed from the great abyſs, and that they all re- 
turned there again, ſince the great abyſs, according 
to him, being ſurrounded on every fide by the cruſt 


or terreſtrial orb, it is impoſſible that the altera- 


tion of the comet could cauſe to the fluids con- 
tained in the internal part of this orb, the leaſt 
motion. Conſequently the great abyſs will not 
have endured, as he ſays, a violent flux and re- 
flux; hence there will not be iſſued from, nor 
entered therein, a fingle drop of water, and at leaſt 
to ſuppoſe that the water fallen from the comer, 
has been deſtroyed by a miracle, it would till be 
on the ſurface of the earth, covering the ſummits 
of the higheſt mountains. Nothing better charac- 
terizes a miracle than the impoſſibility of explain- 
ing the effect of it by natural cauſes. Our authors 
have made vain efforts to give a reaſon for the de- 
luge; their phyſical errors on the ſubject of ſecond 
cauſes, which they make uſe of, proves the truth 
of the circumſtance as reported in the ſcriptures, and 
demonſtrates that it could only have been performed 
by the firſt cauſe, the will of the Almighty. | 
Beſides it 1s eaſy to make appear that it was 
neither at one, and the ſame time, nor by the 
effect of the deluge that the ſea left dry the con- 
tinent we inhabit: for it is certain by the teſti— 
mony of holy writ, that the terreſtrial paradiſe was 
in Aſia, and that Afia was a continent inhabited be- 
fore the deluge : conſequently it was not at that 
time the ſea covered this confiderable part of the 
globe. The earth before the deluge therefore was 
nearly as it is at preſent, and this enormous quantity 
OL 
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of water which divine juſtice cauſed to fall on the 


earth to puniſh guilty men, in fact, brought death 


on every creature; but it produced no change on 
the ſurface of the earth, it did not even deſtroy plants, 
ſince the dove brought an olive branch to the ark. 

Why therefore imagine, as moſt of our naturaliſts 
have done, that this water totally changed the ſur- 


face of the globe, to a thouſand and two thouſand 


feet depth ? Why do they defire it to be the deluge 


which has brought the ſhells on the earth which 


we meet with at 7 or 800 feet depth in rock and 
marble ? Why ſay, that the hills and mountains were 
formed at that time? And how can we figure to our- 
ſelves that it ispoſſible fortheſe waters to have brought 
maſſes and banks of ſhells 100 miles long? I do 
not think any one can perfiſt in this opinion, at 
leaſt, without admitting a double miracle in the 
deluge : the firſt, for the augmentation of the wa- 
ters, and the ſecond for the tranſportation of the 
ſhells ; but as there is only the firſt which is related 
in the bible, I do not ſee it neceſſary to make the 
ſecond an article of our creed. 

On the other hand, if the waters of the deluge, 
after having ſtayed above the higheſt mountains, af- 
rerwards retired all at once, they would have car- 
ried ſo great a quantity of ſhells, &c. that the earth 
would not have been cultivable nor proper to re- 
ceive trees, &c. till many ages after this inundati- 
on, as is known, by the deluge which happened in 
Greece, the overflown country was totally forſaken, 
and could not receive any cultivation for more than 
three ages after. See Ala erudit Lepis, Ann. 1691, 
page 100. We .ought alſo to look on the univerſal 
deluge as aſuper-natural means of which the Almigh- 
dy made uſe for the chaſtiſement of mankind, and 
not as a natural effect in which all would be paſted 
according to phyfical laws. The univerſal deluge, 
therefore, is a miracle in its cauſe and effects: we ſee 


Ff, de- 


clearly by the ſeripture, that it ſerved for the 
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deſtruction of men and animals, and that it did not 
in any mode change the earth, fince after the retreat 
of the waters, the mountains and even the trecs were 
in their places, and the ſurface of the earth was pro- 
er to receive culture and produce vines and fruits. 
How could all the race of fiſh which did not enter 
the ark, be preſerved, if the earth had: been diflol- 
ved in the water, or only if the waters had been 
ſufficiently * to tranſport ſhells from India to 
Europe, &c ! | 55 22 | 
Nevertheleſs this ſuppoſition, that it was the uni- 
verſal deluge, which has tranſported the ſhells of 
the ſea into every climate, 1s become the opinion 
or rather the ſuperftition of common naturaliſts. 
Woodward, Scheuſhzer, and ſome more, call theſe 
petrified ſhells, the remains of the deluge ; they 
looked on them as the medals and monuments which 
God left us of this terrible event ; in order, that it 
never ſhould be effaced from the human race: in 
ſhort, they have adopted this hypotheſis with fo much 


reſpect, not to ſay abſurdly, that they appear only 
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wonderful ſtrokes, miracles, &c. ought to hold 
us in wonder, adoration and ſilence. 

But they will ſay, the univerſal deluge being a 
certain fall, it is not permitted to reaſon on the con- 
ſequences of it ? All in good time, but it is requi- 
ſite that you ſhould begin by allowing that the uni- 
verſal deluge could not be performed by phyfical 
cauſes ; you ought to know it is an immediate ef- 
fe& of the will of the Almighty ; you ought to 
confine yourſelves to know only what the holy writ 
teaches us, to own at the ſame time that it is not 
permitted you to know more, and particularly not 
to blend bad phyſical reaſoning with the holy writ. 
Theſe precautions, which the reſpe& we owe to God 
exacts, being taken, what does there remain for ex- 
amination on the ſubject of the deluge? Does the 
ſcripture ſay mountains were formed by the deluge ? 
No, it fays, on the contrary, is it faid, that the agt- 
ration of the waters was ſo great as to raiſe up ſhells 
from the bottom of the ſea and tranſport them all 
over the earth? No, the ark floated quietly on the 
waves; is it ſaid, that the carth ſuffered a total dif- 
ſolution ? None at all; the recital of the ſacred 


hiſtorian is fimple and true, that of theſe naturaliſts 
amtes and fabulous. 


*— 


ART FCE VII. 
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HE ſurface of the earth is not like that of 
Jupiter, divided by bands alternative and 
ralell to the equator ; on the contrary, it is divided 
from one pole to the other by two bands of earth 
and two of fea ; the firſt and principal is the anci- 
ent continent, the greateſt length of which 1s found 
to be in a diagonal line with the equator, and which 
muſt be meaſured by beginning on the north of 


the 
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the moſt eaſtern part of Tartary, from thence to 
the land which borders on the gulph of Linchidolkin, 
where the Muſcovites fiſh for whales, from thence 
to Tobolſki, from Tobolſki to the Caſpian ſea, from 
the Caſpian ſea to Mecca, and from Mecca to the 
weſtern part of the country inhabited by the Gauls 
in Africa, afterwards to Moneconugi, Monomotape, 


and at laſt the Cape of Good Hope : this line, which 


is the greateſt length of the old Continent, is about 
3600 miles Paris meaſure : it is only interrupted b 
the Caſpian and Red Sea, the breadths of which are 


not very conſiderable, and we muſt not pay as | 


regard to theſe interruptions, when it is conſidered, 

as we do, that the ſurface of the globe is divided 

only in four parts. | 25 
This greateſt length, is found by meaſuring the con- 


tinent diagonally; for, if on the 2 we meaſure 


it according to the Meridians, we ſhall find that there 
are only 2500 miles from the northern Cape of Lap- 


land to the Cape of Good Hope, and that we croſs 
the Baltic in its length, and the Mediteranean 7 
eſs 


out its whole breadth, which cauſes a much 


length, and greater interruptions than by the firſt 
road, With reſpect to all the other diſtances that 


might be meaſured in the old continent under the 
ſame Meridans, we ſhall find them to be much ſmal- 
ier than this; having, for example, only 1800 miles 
from the meridional point of the iſland of Ceylon to 
the northern coaſt of Nova Zembla ; likewiſe if 
we meaſure the continent paralelly to the equator, 
we find that the greateſt uninterrupted length is found 


from the weſtern coaſt of Africa to Zrefana, as far as 


Niſingpo on the eaſtern coaſt of China, and that it 
is about 2800 miles: that another interrupted courſe 
wy. be. meaſured from the point of Brittany to Breſt, 
as far as the coaſt of Chineſe and Tartary about 2 300 
miles: that by meaſuring from Bergan in Norway to 
the coaſt of Kamlſchaſke, there is no more than 1800 


miles. All theſe lines have, as we ſee much leſs length 


than 
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than the firſt, therefore the greateſt extent of the 
old continent, is in fact from the eaſtern Cape of the 
moſt weſtern part of Tartary, as far as the Cape of 
Good Hope, that is 3600 miles. OS 

This line, which is interrupted only by the Mexi- 
can gulph, which muſt be looked upon as a Medi- 
terranean Sea, may be about 20500 miles long, and 
divides the new continent into two equal parts, the 
left of which is 1,069286 miles ſquare on its ſurface, 


and that which is on the right is 1070926, 3 this 


line which forms the middle of the band of the new 
continent, is inclined to the equator about 3o de- 
grees, but in an oppoſite direction, ſo that that of 
the old continent extends from the north weſt to the 
ſouth eaſt, and all thoſe lands together as well 
of the old as of the new continent, makes about 
7080994 miles ſquare, which 1s not near, the third 
of the whole ſurface which contains 20 millions. 

It muſt be remarked, that theſe two lines which 
cuts the continents, in their greateſt lengths, and 
which divides each of them into two equal parts, in- 
clines both to the ſame degree of ſouthern and nor- 
thern latitude, It may alſo be obſerved, that the 
two continents make oppoſtte projections, which 
face each other, to wit, the coaſts of Africa from the 
Canary iſlands, to the coaſts of Guinea, and thoſe 
of America, from Guinea to the mouth of Rio 
Janeira, 

It appears therefore that the moſt ancient land of 
the globe is on the two ſides of theſe lines at a mo- 
derate diſtance, for example, at 2 or 250 miles on 
each fide, and by following this idea, which is 
founded on the obſervations before related, we ſhall 
find in the old continent, that the moſt antient lands 
of Africa, extend from the Cape of Good Hope to 
the Red Sea, and as far as Egypt, about 500 
miles broad, and that conſequently all the weſtern 
coaſts of Africa, from Guinea to the ſtraits of __ 
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raltar, are the neweſt lands. So likewiſe we ſhall 
diſcover that in Aſia, if we follow the line on the 
ſame breadth, the moſt antient lands are Arabia, 
Felix, and Deſerta, Perſia, Georgia, part of Tar- 
tary, Circaſſia, and Moſcovy, &c. that conſequent! 

Europe is more modern, and perhaps alſo China, and 
the eaſtern part of Tartary. In the new continent 
we ſhall find the Magellanic, the eaſtern part of 
Brazil, the Amaconic, Guiana, -and Canada, to 
be the moſt modern lands in compariſon with 
Peru, Terra Firma, and the iſlands of the gulph of 
Mexico, Florida, Miſſiſfippi, and Mexico; to theſe 
obſervations we may. yet add two very remarkable 
circumſtances ; the old and new continent are al- 
moſt oppoſite each other; the old is more extenſive 
to the north of the equator than the ſouth; on the 
contragy, the new is more ſo to the ſouth than the 
north of the equator; the centre of the old conti- 


nent is at 16 or 18 degrees north latitude, and the 


centre of the new is at 16 or 18 degrees ſouth lati- 
tude, ſo that they ſeem to be made to counterba- 
lance each other. There is atfo a fingular connec- 
tion between the two continents, although it appears 
to me to be more accidental than thoſe which I have 
ſpoken of, which is, that the two continents would be 
each divided into two parts, all four of which would 
be ſurrounded by the ſea, if it were not for the two 

ſmall iſthmus's, Suez and Panama. | 
This is the moſt general idea which an attentive in- 
2 of the globe furniſhes us with, on the divi- 
ion of the carth. We ſhall abſtain from forming 
hypotheſis's thereon and hazarding reaſonings which 
might lead us into falle concluſions; but, as no one as 
yet has conſidered the diviſion of the globe to be un- 
der this point of view, I have thought it my duty to 
communicate theſe remarks. It is very ſingular that 
the line which forms the greateſt length of the ter- 
reſtrial continents, divides them into twoequal parts; it 
: 18 
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15no leſs ſo that theſe two lines commence and end at 
the ſame degrees of latitude, and are both alike in- 
clined to the equator, Theſe relations may belong to 
ſomething general, Which may, perhaps, be diſco- 
vered, but which we yet are ignorant of. We ſhall ſes 
hereafter the inequalities of the figure of the conti- 
nents examined more fully; it is tufficient here tg 
obſerve, that the moſt ancient countries are the neareſt 
to theſe lines, and at the ſame time, the highe 

that alſo the moſt modern lands muſt be the fartheſt, 
and at the ſame time the loweſt. Thus in America 
the country of the Amazons, Guiana, and Canada, 
will be the moſt modern parts; by cafting our eyes 
on the map of this country, we fee the waters are 
diſperſed on every ſide, that there are a great num- 
ber of lakes and very great rivers, which alſo indi- 
cates that theſe lands are more modern. So likewiſe 
all Africa is very mountainous, and that part of the 
world is very antient. There is only Egypt, Bar- 
bary, and the weſtern coaſts of Africa. 
Senegal, which may be looked upon as modern coun- 
tries. Aſia is an old land, and perhaps the moſt an- 
tient of all, particularly, Arabia, Perſia, and Tartary, 
but the inequalities of this vaſt. part of the world de- 
mands, as well as thoſe of Europe, a detail which 
we refer to another article. It might be faid in ge- 
neral, that Europe is a new country, the tradition of 


the migration of the people, and ot the origin of arts 


and ſciences; appears to indicate it: it is not long 
fince it was filled with moraſſes, and covered with 
foreſts, whereas in the land very antiently inhabited, 
there is but little wood, little water, no moraſſes, 
much land, and a great quantity of mountains, whole 
ſummits are dry and ſterile, for men deftroy the 
woods, conſtrain the waters, confine rivers, dry u 

moraſſes, and in time give. à different face to the 
earth, ſtom that of inhabited or ne wly-peopled coun- 
Tries, nd 4 4 +; by 
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The antients were acquainted but with 2 
ſmall part of the globe. All America, the 
Magellanic, and a great part of the internal part 
of Africa, was entirely unknown to them. They 
only knew that the torrid zone was inhabited, altho' 
they had navigated around Africa; for it is 2200 years 
fince the new King of Egypt gave veſſels to the Phe- 
nicians which departed from the Red Sea, coaſted 
round Africa, doubled the Cape of Good Hope, and 
having employed two years in this voyage, the third 
year they entered the ſtraits of Gibraltar, (Vide He- 
rodotus, lib. iv.) Nevertheleſs the antients were not 
acquainted with the property the load ſtone had, if 
turning towards the poles, although they knew that it 
attracted iron. They were ignorant of the general 
cauſe of the flux and reflux of the ſea, they were not 
certain the ocean ſurrounded the globe without inter- 
ruption; ſome indeed ſuſpected it, but with ſo little 
foundation, that no one dared to ſay or even conjec- 
ture it was poſſible to make a voyage round the world. 
Magellan was the firſt who made it A. D. 1519 in 
1124 days. Sir Francis Drake was the ſecond in 
1577, and he did it in 1056 days; afterwards Tho- 
mas Cavendis made this great voyage in 777 days, 
in the year 1586. Theſe famous travellers were the 
firſt who demonſtrated phyſically, the ſphericity and 
the extent of the earth's circumference : for the an- 
cients were very wide from having a juſt meaſure of 
this circumference, although they had travelled a 
great deal. The general and regulated winds, and 
the uſe to be made of them in long voyages, were 
alſo abſolutely unknown to them ; therefore, we muſt 
not be ſurprized at the little progreſs they made in 
Geography, fince at preſent, in ſpite of all the know- 
ledge we have acquired by the aid of Mathematical 
Sciences, and the diſcovery of navigators, many 
things remain ſtill to be found, and vaſt countries to 
be diſcovered. Almoſt all the land on the fide of 


the 
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the Atlantic pole is unknown to us; we only know 
that there is ſome, and that it is ſeparated from all 
the other continents by the ocean. Much land alfo 
remains to be diſcovered on the fide of the Arctic 
pole, and we are obliged to own with ſome kind of 
regret, that for more than a century the ardor of diſ- 
covering new countries is extremely abated. We 
have preferred, and that with reaſon, the utility of 
making thoſe we are acquainted with of valus to us, 
to the glory of conquering new. 

Neverthelets, the diſcovery of theſe northern coun- 
tries would be a great object of curioſity, and might 
be uſeful, We have ditcovered on that fide only 
ſome coaſts, and it is vexatious that navigators, who 
have cholen to attempt this difcovery, at different 
times, have almoſt always been ſtopt by the ice. 
The togs, which are very conſiderable in thoſe Jati- 
tudes, is another obſtacle, yet in ſpite of theſe incon- 
veniencies, it is to be thought that by ſailing from 
the Cape of Good Hope at different ſeaſons, we 
might at laſt diſcover a part of theſe lands, which hi- 
therto make a ſeparate world. 

There is alſo another mode which might ſucceed, 
as the ice and fogs have ftopt all the navigators who 
have undertaken the diſcovery of the northern coun- 
tries, by the Atlantic, and that the ice preſented it- 
ſelf in the ſummer at theſe climates, as well as in 
other ſeaſons, might we not promiſe ourſelves better 
ſucceſs, by changing our rout ? ] Imagine we might 
attempt to arrive at theſe countries by the Pacific Sea. 
ſailing from Baldivia or any other part on the coaſt of 
Chili, and traverſing this tea under the goth degree 
{9uth latitude ; there is not the leaſt appearance that 
this navigation, which has never yet been made, is 
perilous, and it is probable we thould find by this 
method, new countries; for what remains for us to 
1 w on the coaſt of the northern pole, is ſo conſide- 
rable, that we may without deceiving ourſelves, eſti- 
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mate it at more than a quarter of the ſuperficies of 
the globe, that there may be 1n thoſe climates a ter- 
reftrial continent as large as Europe, Afia, and Afri- 
ca, all taken together. 

As we are not at all acquainted with this part of the 
globe, we cannot juſtly know the proportion between 
the ſurface of the earth, and that of the fea ; only as 
much as may be judged by inſpection of what is 


known, there is more ſea than land. 


If we would have an idea of the enormous quantity 
of water which the fea contains, let us ſuppoſe one 
common and general depth to the ocean, by computing 
it only at 200 fathom or the 10th part of a mile, we 
ſhall tee that there is ſufficient water to cover the while 
globe to the height of 600 feet of water, and if we 
would reduce this water into one maſs, we ſhall find 
that it forms a globe of more than 60 miles dia- 
meter. | 

Navigators pretend, that the continent of the nor- 
thern countries 1s much colder than that of the arctic 
pole, but there is no appearance that this opinion is 
founded on truth, and probably it has not been adopt- 
ed by travellers, becaufe they have found ice in a 
latitude where it is ſcarcely ever found in our ſouthern 
feas, and that may proceed from ſome particular 


cauſes. We find more ice in April above 67 and 


68 degrees, northern latitude ; and the ſavages of 
Arcadia and Canada fay, When it is not all melted in 
that month, it is a ſign the reſt of the year will be 
cold and rainy. In 1725 there may be faid to have 
been no ſummer, and it rained almoſt continually 8 
alſo not only the ice of the northern ſeas was not 
melted in April in the 67th degree, but even it was 
found the 15th of June towards the 4th and 42d de- 
gree. (See the Hiſt. of the Acad. Ann. 1725.) 

We find a great quantity of this floating ice in the 
northern lea, eſpecially at ſome diſtance from land. 
They came from the Tartarian fea into that of Nova 

Jembla, 
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'Lembla, and other parts of the frozen ſea. I have 
been aſſured by people of credit, that an Engliſh 
Captain, named Monſon, inſtead of ſeeking a pal- 
ſage between the northern land to go to China, di- 
rected his courſe ſtrait to the pole, and had approach- 
ed it within two degrees; that in this courſe he had 
found a high ſea, without any 1ce, which proves that 
the ice is tormed near land, and never in open ſea; for 
if even we ſhould ſuppoſe, againſt all appearance, 
that it might be cold enough at the pole to freeze 
over the ſurface of the fea, we cannot conceive 
better how theſe enormous mountains of ice which 
float, could be formed, if they did not find a fixed 
point againſt land, from whence atterwards the 
were lootened by the heat of the tun. The two veſ- 
ſels which the Eaſt-India company tent in 1739, to 
diſcover the northern land, found ice in the latitude 
of 46 and 48 degrees, but this ice was not very far 
from land, fiace they diſcovered it, without bein 
able to land there. "This we imagine muſt proceed 
from the internal and adjoining lands of the northern 
pole, and it may be conjectured that they followed 
the courſe of many great rivers, which water the 
unknown land, the tame as the Ovy, Jeniſca, 
and other great floods, which fall into the northern 
ſeas, carry with them the ice, which, during the 
greateſt part of the year, ſtops up the ftrait of Wai- 
gats, and renders the Tartarian ſea unnavigable by 
this courſe, whereas beyond Nova Zembla, and nearer 
the poles, where there are few rivers, and but little 
land. Ice is not ſo frequently met with, and the ſea 
more navigable, fo that if they would ſtill attempt the 
voyage to China and Japan, by the northern ſeas, 
we thould poffibly, to get away from the land and 
ice, thape our courfe to the pole, and ſeek the high- 
eſt ſeas, where certainly there is but little or none, 
for it is known that ſalt water can, without freezing, 
become colder than ſoft water frozen, and conſe- 
quently 


of 
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quently the exceſſive cold of the pole may poſſibly 
render the ſea colder than the ice, without the ſur- 
face being frozen, ſo much the more as at 80 or 82 
degrees, the ſurface of the ſea, although mixed with 
much ſnow and ſoft water, is only frozen near the 
ſhore. By collecting the teſtimonies of travellers un 
the paſſage from Europe to China by the northern 
ſea, it appears that it does exiſt, and that if it has 
been ſo often uſeleſly attempted, it is becauſe we 
have always feared to go far from land, and ap- 
proach the pole. 

Captain William Barents who failed, as well as 
others, in his northern voyage, yet did not doubt 
but that there was a paſſage, and that if he had gone 
farther from ſhore, he had found an open fea free 
from ice. Mutcovite travellers ſent by the Czar to 
diſcover the northern ſeas, relate that Nova Zembla 
is not an iſland, but belonging to the continent of 
Tartary, and that to the north of Nova Zembla, is a 
free and open ſea. A Dutch traveller aſſerts, that 
the ſea throws up whales, on the coaſts of Corea and 
Japan, which have Engliſh and Dutch harpoons on 
their backs. Another Dutchman has pretended to 
have been even under the pole, and aſſerts it is as 
warm there as it is at An ſterdam in the middle of 
ſummer. An Engliſhman named Golding, who 
made more than 30 voyages to Greenland, related to 
King Charles IT. that two Dutch veflels with which 
he had failed, having found no whales on the coaſt 
of the ifland of Edges, reſolved to proceed farther 
north, and that being returned at the expiration of 
fifteen days, thefe Dutchmen told him, that they had 
been as far as 89 degrecs latitude, i. e. within one 
degree of the pole, and that they found no ice there, 
buta free and open ſea, very deep, and like that of 
the bay of Biſcay, and that they ſhewed him four 
jorunals.of two veſſels, which atteſted the fame thing, 
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5 
and agreed very near with what they 'afirmed. In 
ſhort, it is related in the Phil Trans, that two navi- 
gators, who had undertaken the dilcovery of this 


pattlage, ſhaped a courſe 300 miles eaſtward of 


Nova Zembla, but that the Ealt-India com- 
pany, whole intereſt it was that this paſſage 
ſhould not be diſcovered, hindered thole travellers 


from returning. (Sce the collection of northern 


voyages, page 200), But the Dutch Eaſt-India 
company thought on the coutrary that it was their 
intereſt to fi. ad this paſſage ; having atrempted 1 it in 
vain on the ſide of Europe, they ſought it by that of 
Japan, and they would apparently have ſucceeded, 
it the Emperor of Japan had not forbidden all 
navigation on the fide of the land of Jeſſo. 
This paſſage therefore cannot be found but by fail- 
ing to the pole beyond Spirzberg, or by following 
the high ſea between Nova Zembla and Spitiberg, 
under the 72d degree latitude, It this ſea has a 
conſiderable breadth, we need not fear to find it 
frozen at this latitude, nor even under the polc, for 
reaſons we have alledged ; in fact, there is no exams» 
ple, that the ſurface of the ſea has been found fro- 


zen to a conſiderable diſtance from the ſhore; the 
only example of a ſca being frozen entirely over, is 


© 
that of the Black Sea, it is narrow, and ſomewhat 


ſalt, and reccives a very great number of rivers, 
which come trom the northern countries, and which 
bring ice there; it freezes therefore ſometimes ſo 
violent, that its ſurface is frozen over, even to a 
confiderable depth, and if we credit hiſtorians, it 
troze 1n the time of the Emperor Copronymus thirty 
farhom deep, without reckoniag twenty fathom of 
inow which was on the ice. This matter appears to 
be exaggerated, but it is certain, that it freezes over 
aln mos cvery winter; whercas the high ſcas, which 
are a thouſand miles nearer the pole, do not freeze 
at all, which can only proceed from the ſaltneſs, and 

| the 
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the little ice it receives by the rivers, in compariſon 
of the enormous quantity which they tranſport into 
the Black Sea. 

This ice, which 1s looked upon as a barrier which 
oppoſes the navigation towards the poles, and the 
diſcovery of the northern continent, proves only, 
that there are very great rivers, adjoining to the 
climates where it is met with; conſequently it 
indicates to us alſo, that there are vaſt continents 
from whence theſe rivers flow; nor muſt we be diſ— 
couraged at the fight of thete obſtacles; for if we 
conſider we ſhall eafily perceive, that this ice muſt 
be only in ſome particular places; that it is almoſt 
impoſſible that in the whole circle which may be 
imagined terminates the northern continent on the 
{ide of the equator, there is throughout great ri— 
vers, on which ice floats, and conſequently there is 
a great appearance that we ſhould ſucceed, by di- 
recting our courſe towards ſome other point of this 
circle, Beſides rhe deſcription winch Dampier and 
ſome other travellers have given us of the ſoil of 
New Holland, makes us ſuſpect that this part of the 
globe, which borders on the northern lands, and 
which perhaps makes a part of it, is a country Jeſs 
antient than the reſt of this unknown continent: 
New Holland is a low country without water, with— 
out mountains, but thinly inhabited, and where 
the natives arc ſavages, and without induftry ; all 
this concurs to make us think that they are in 
this continent nearly what the ſavages of Amaconia 
or Paraguai are in America. We have found poliſh- 
ed men, empires, and kings, at Peru and Mexico, 
i. e. in the higheſt, and conſequently the moſt 
antient countries of America. 1 he ſavages on the 
contrary are found in the loweſt and molt mcdern 
countries, therefore we may preiume that on the 
inland parts of the northern countries, we ſhould allo 
find men united in ſocicty in the upper . 

rom 
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from whence theſe great rivers, which brings this 
prodigious ice to the fea, derives their ſource. 

The internal part of Africa is unknown to us, 
almoſt as much as it was to the ancients. They bad 
like us, made the tour of that atmeſt-ifland by fea, 
but in fact, they have left us neither charts nor de- 
ſcriptions of the coaſts. Pliny informs us, that the 
tour of Africa had been made fince the time of 
Alexander, that the wrecks of Spaniſh veſicls had 
been diſcovered in the Arabian ſea, and that Han- 
no, a Carthaginian general, had made a voyage from 
Gades to the Arabian ſea, and that he had even 
written a relation of this voyage. Beſides that, he 
ſays, Cornelius Nepos tells us, that in his time a 
certain Eudoxus, perſecuted by the king Lathurus, 
was obliged to fiy from his country; that departing 
from the Arabian gulph, he arrived at Gades, and 
that before this time they traded from Spain to 
Ithiopia by fea, (Vide Pliny, Hiſt. Nat. vol. 1. 
lib. 2) Neverthcleſs, in ſpite of theſe teſtimonies of 
the ancients, we are perſuaded that they never did 
double the Cape of Good Hope, and the courſe 
which the Portugueſe took the firſt to go to the 
Laſt-Indies, was fooked upon as a new diſcovery; 
it will not perhaps therefore be deemed amiſs to 
the belief of the gth century. 

In our time an entire new diſcovery has been 
made, which was wholly unknown to thoſe who 
lived before us. No one thought that the ſea, 
which extends from India to China, had a commu— 
nication with the Syrian fea, nor could they be 
brought to conceive it, Let us fee what has hap- 
pened in our time, according to what we have 
learnt. We have found in the fea Rim or Medi- 
terranean, the wreck of an Arabian veſſel, ſhattered 
by the tempeſt, and all the crew periſhed. The 
waves had broken 1t to pieces, and they were carried 
by the. wind and waves to the Cozar ſea, and from 

thence 
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thence to the Mediterranean, from whence they 
were at length thrown on the coaſt of Syria. 'This 
ſhews that the fea ſurrounds China and Cila, the ex- 
tremity of Turqueſtan, and the country of the Corats; 
that it afterwards flows by the ſtrait till it has waſhed 
the coaſt of Syria. The proof is drawn from the con- 
ſtruction of the veſſel we ſpeak of, for no other veſ- 
ſels but thoſe of Siraf being built without nails, but 
Joined together in a particular manner, like as if they 
were ſewed, whereas thoſe of all the veſſels of the 


Mediterranean and of the coaſt of Syria are nailed 


and not joined in this manner (ſee the ancient rela- 

tions of travels by land to China, p. 53, and 54.) 
To this the tranſlator of this ancient relation adds, 
Abuziel remarks as a new and very extraordinary 
thing, that a veſſel was carried from the Indian ſea, 
on the coaſts of Syria. To find a paſſage into the 
Mediterranean : he ſuppoſes there is a great extent 
above China, which has a communication with the Cozar 
fea, that is, with Muſcovy. "The fea which is below 
the Cape of Currents was entirely unknown to the 
Arabs, by reaſon of the extreme danger of the na- 
vigation, and the continent was inhabited by ſuch 
barbarous people, that it was not eaſy to ſubject them 
nor even to civilize them by commerce. From the 
Cape of Good Hope to Soſfala the Portugueſe found 
on eſtabliſhed Moors, as they have ſince found in all the 
maritime towns as far as China, this town was the 
laſt known to geographers, but they could not tell 
whether the ſea, by 5 extremity of Africa, had a 
communication with the ſea of Barbary, and they 
contented themſelves with deicribing it as far as the 
coaſt of Zinge. This is the reaſon why we cannot 
doubt but that the firſt diſcovery of the paſſage of 
this ſea by the Cape of Good Hope, was made by the 
Europeans under the conduct of Vaſco de Gama, or 
at leaſt ſome. years before he doubled the cape, 
if it is true that there are marine charts older than 
this 
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this navigation where the Cape is called by 
the name of Frontiera du Africa. Antonio Gul- 
van teſtifies from the relation of Franciſco de Souſa 
Tavares, that in 1528, the infant Don Fernand, 
ſhewed him ſuch a charr, which he found in the 
monaſtery of Acoboca, and which had been made 120 
years, perhaps from that ſaid te be in the treaſury 
of St. Mark at Venice, and which is thought to have 
been copied from that of Mark Paolo, which alſo 
marks the point of Africa according to the teſtimony 
of Ramuſio, &c.” The ignorance of thoſe ages on 
the ſubject of the navigation around Africa, will ap- 
pear perhaps leſs ſingular than the filence of the edi- 
tor of this ancient relation, on the ſubject of the 
paſſages of Herodotus, Pliny, &c. which we have 
quoted, and which proves the ancients had made the 
tour of Africa, | 

Be it as it may, the African coaſts are actually 
very well known to us, but whatever attempts have 
been made to penetrate into the inner parts of the 
country, we have not been able to attain ſufficient 
knowledge of it to give exact relations. It might 
be nevertheleſs greatly to be wiſhed, that we might 
by Senegal or ſome other river get farther up the 
country and eſtabliſh ourſelves there; then we 
thould find, according to all appearances, a country 
as rich in precious mines as Peru or the Braſils; for 
it is known that the Atrican rivers abound with much 
gold, and as this country is very mountainous and 
ſituated under the equator, 1t 1s not to be doubted, 
but it contains, as well as America, mines of heavy 
metals, and of the moft compact and hard ſtones, 

The vaſt extent of northern and eaſtern Tartary has 
only been diſcovered in theſe latter times. If the 
Muſcovite maps are juſt, we are at preſent acquaint- 
ed with the coaſts of all this part of Afia, and it ap- 
pears that from the point of eaſtern Tartary to north 
America, there is ſcarcely more than a ſpace of four or 
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five hundred miles : it has even been pretended that 
this tract was much ſhorter, for in the Amſterdam 
gazette of the 24th of January 1747, it is ſaid, under 
the article of Peterſburg, that Mr. Stoller had diſco- 
vered one of theſe American iſlands beyond Kamts- 
chatka, and he has demonſtrated, that we might go 
thither from Ruſſia by a ſmall tract. The jeſuits 
and other miſſionaries have alſo pretended to have 
diſcovered the ſavages in Tartary, which they had 
catechiſed in America, which ſhould in fact ſuppoſe 
that the tract is ſtill ſhorter (ſee the hiſt. of New 
France by the Pere Charlevoix, Vol. III. p. 3o and 
31.) This author even pretends, that the two con- 
tinents of the old and new world join by the north, 
and ſays, that the laſt navigations of the Japaneſe 
affords room to judge, that the tract of which we 
have ſpoken, is only a bay, above which we may 
paſs by land from Afia to America. But this requires 
confirmation, for hitherto it has been thought with 
ſome kind of probability, that the continent of the 
arcti pole is entirely ſeperated from the other conti- 
nents, as well as that of the atlantic. 2-04 
Aſtronomy and navigation are carried to ſo high a 
pitch of perfection, that it may reaſonably be ex- 
pected one day or other to have an exact knowledge 
of the whole ſurface of the globe, The ancients 
knew only a ſmall part of it, becauſe they had not 
the compaſs, and dared not venture into the high 
ſeas, I know well, that ſome people have pretended 
that the Arabs invented the compals and uſed it a 
long time before we did to. travel on the Indian ſea, 
and travel within China ; but this opinion has always 
appeared deſtitute of all probability ; for there is no 
word in the Arab, Turkiſh or Perſian languages, 
which fignifies the compaſs; they make uſe of the 
Italian word Boſſola: they do not even at preſent 
know how to make a compaſs, nor give the mag- 
netical quality to the needle, but purchaſe them 


from 
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from the Europeans. What father Maritini ſays on 
the ſubject of this invention, appears ſcarcely better 
founded; he pretends that the Chineſe have been ac- 
quainted with the compaſs for upwards of 300 years; 
but if that was the caſe, how comes it that they made 
little uſe of it? Why did they in their voyages to 
Cochinchina take a courſe much longer than was ne- 
ceſſary? and why did they always confine themſelves 
to the ſame voyages, the greateſt of which were 
to Java and Sumatra? and why did not they diſcover 
before the Europeans, an infinity of fertile iſlands 
bordering on them, if they had poſſeſſed the art of 
navigation in the open ſea ? for a few years before 
the diſcovery of this wonderful property of the load 
ſtone, the Portugueſe made a very great voyage; 
they doubled the Cape of Good Hope, they traver- 
ſed the African and Indian ſea, and while they di- 
rected all their views eaſt and ſouth, Chriſtopher 
Columbus turned his towards the weſt, 

By a little confideration it was eaſy to devine, 
there were immenſe ſpaces towards the weſt : for, by 
comparing the known part of the globe, for exam- 
ple, the diſtance of Spain to China, and conſidering 
the revolution of the earth or heaven, it was caſy to 
ſce that there remained a much greater extent to- 
wards the weſt to be diſcovered, than that they were 
acquainted with towards the eaſt, It is therefore not 
fromthe defect of aſtronomical knowledge, that the an- 
cients did not find the new world, but only for want 
of the compaſs. The paſſages of Plato and Ariſtotle, 
where they ſpeak of countries far diſtant from the 
pillars of Hercules, ſeems to indicate, that ſome 
navigators had been driven by tempeſt as far as 
America, from whence they returned with much 
difficulty, and it may be conjectured, that if even 
the ancients had been perſuaded of the exiſtence of 
this continent from the relation of thoſe navigators, 
they would not have even thought it poſſible to ſtrike 
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out the rdad, having no guide nor any knowledge of 
the compals. 

I own, that it is not impoſſible to travel in the 
high ſeas without a compaſs, and that very reſolute 
people might have undertaken to ſeek after the new 
world, by conducting themſelves ſimply by the ſtars 
bordering on the pole. The Aſtro Labe particularly 
being known to the ancients, it might ſtrike them to 
leave France or Spain, and ſhape their courſe to- 
wards the weſt by keeping the polar ſtar always to 
the right, and often taking. the altitude to guide 
themſelves nearly under the ſame parallel : it is 
without doubt in this manner that the Carthaginians 
of whom Ariſtotle makes mention, found the means 
of returning from theſe remote countries, by keep- 
ing the polar ſtar to the left, but it muſt be allowed 
that a like voyage would be looked upon only as a 
raſh enterprize, and that conſequently we muſt not 
be aſtoniſhed that the ancients have not even con- 
ceived the project. | 

In the time of Chriſtopher Columbus, the Acores, 
the Canaries, and Madeira were already diſcovered, 
It was remarked, that when the weſt winds laſted 
a long time, the ſea brought pieces of foreign wood 
on the coaſts of theſe iſlands, canes of unknown 
ſpecies, and even dead bodies, which by many 
marks were diſcovered to be neither European nor 
African. Columbus himſelf remarked, that on the 
fide of the weſt, certain winds blew which only re- 
mained a few days, and which he was perſuaded 
; were land winds ; nevertheleſs although he had all 
theſe advantages over the antients, and the know- 
ledge of the compaſs, the difficulties ſtill to conquer 
were ſo great, that there was only the ſucceſs he 
met with which could juſtify the enterpriſe ; for let 
us for a moment ſuppoſe, that the continent of the 
new world had been farther diſtant ; for example, 
1000 or 1500 miles farther than it in fact is, a thing 

which 
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which Columbus could neither know. nor forſce, 
he would not have arrived there, and perhaps this 
great country would be ſtil] unknown. This con- 
jecture is ſo much the better founded, as Columbus, 
although the moſt able navigator of his time, was 
ſeized with fear and aſtoniſhment in his ſecond voyage 
to the new world ; for as at firſt he only found ſome 
iſlands, he directed his courſe more to the ſouth, to 
diſcover other land, and was ſtopt by currents, the 
conſiderable extent and direction of which always 
oppoſed his courſe, and obliged him to return to 
diſcover land to the weft; he imagined that what 
had hindered him from advancing on the ſouthern 
ſide was not currents, but that the fea flowed b 
raiſing itſelf towards the heavens, and that perhaps 
both one and the other touched on the ſouthern ſide. 
True is it, that in too great enterprizes the leaſt un- 
fortunate circumſtance may turn our brain, and 
abate our courage. 
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ARTIC TIB . 


On the production of the ſtrata, or beds of earth. 


* E have before ſhewn in the firſt article, that 
by virtue of the mutual attraction between the 
parts of matter, and by virtue of the centrifugal 
force which reſults from the rotation on its axis: the 
earth has neceſſarily taken the form of a ſpheroid, the 
diameter of which differs 1-23oth part, and that 
it can only proceed from the changes arrived 
at the ſurface, and cauſed by the motion of the 
air and water, that this difference has become 
greater, as is pretended to be concluded from the 
meaiures taken at the equator, and polar circle. This 
theory of the earth, which ſo well agrees with hy- 
droſtatical laws, and with our theory ſuppoſes the 
globe 
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globe to have been in a ſtate of liquefaction, when 
it received its form, and we have proved that the 
motion of projection and relation have been im- 
printed at the ſame time by a like impulſion. We 
ſhall eaſily perſuade ourſelves that the earth has 
been in a ſtate of liquefaction produced by fire, when 
we conſider the nature of the matters which the globe 
incloſes, the greateſt part of which, as ſand and clay, 
are vitrified or vitrifiable matters, and when on the 
other hand we reflect on the impoſhbility there is 
that the earth has ever been in a ſtate of fluidity, 
produced by the waters, ſince there is infinitely more 
earth than water, and that in other reſpects the wa- 
ter has not the power of diſſolving ſtone, ſand, and 
other matters of which the earth is compoſed. i 
I perceive then that the earth could take its figure 
only in the time when it was liquified by fire, and 
by purſuing our hypotheſis, I conceive, that when the 
ſun quitted it, the carth had no other form than that 
of a torrent of melted matter and inflamed vapours; 
that this torrent collected itſelf by a mutual attraction 
of the parts, and became a globe, to which the rota- 
tive motion gave the figure of a ſpheroid, and when 
the earth was cooled, the vapours which were firſt 
extended like the tails of comets, by degrees con- 
denſed or depofited a ſlime or mud mixed with ſul- 
phurous and ſaline matters, a part of which by 
the motion of the waters was ſwept into the perpen- 
dicular cracks where it produced metals and mate- 
rials, while the reſt remained on the ſurface, 
and produced that reddiſh earth, which forms 
the firſt ſtrata; and which, according to dif— 
ferent places is more or leſs blended with ani- 
mal or vegetable particles, reduced into minute mo- 
lecules, in which the organiſation is no longer per- 
ceptible. 
Therefore, in the firſt ſtate of the earth the globe 
was internally compoſed of a vitrified matter, as J 


think 
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it at preſent is, above which are the parts which 
the fire has moſt divided, as ſand, which are only 
tragments of glaſs, and above theſe ſands, the lighter 
parts, .as pumice ſtone, and the ſcoria of the vitri- 
fied matter, which have ſwam at top, and formed 
clays, &c. . the whole was covered with a bed 
of water, .5 or 600 feet thick, produced by the con- 
denſation of the vapours when the globe began to 
cool, This water every where depoſited a muddy 
bed mixed with matters which, ſublime and 
exhale, by the fire ; and the air was formed of the 
moſt ſubtle vapours which diſengaged themſelves 
from the waters by their lightneſs, and ſurmounted 
them, 

Such was the ſtate of the globe when the action 
of the flux and reflux, the winds, and the heat of 
the ſun, began to change the ſurface of the earth. 
The diurnal motion, and the flux and reflux, at 
firſt raiſed the waters under the ſouthern climates ; 
theſe waters carried with them mud, clay, and 
ſand, and by raiſing the parts of the equator, they 
by, degrees perhaps lowered thoſe of the poles, with 
this difference of about two miles, which we have 
mentioned, for the waters ſoon broke and reduced 
into powder the pumice ſtone and other ſpongeous 
parts of the vitrified matter which were at the ſur- 
face; they hollowed depths, and raiſed up eminences 
which in courſe of time became continents, and 
they produced all the inequalities which we remark 
in the ſurface of the earth, and which are more con- 
fiderable towards the equator than elſewhere ; for 
the higheſt mountains are between the tropics 
and the temperate zones, and the loweſt are on 
the polar circle; between the tropics we have 
the Cordileres, and almoſt all the mountains of 
Mexico and Brazil, and Africa ; to wit, the great 
and little Atlas, the mountains of the moon, &c. 
and that befides the land which is between the tro- 
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pics, is the moſt unequal of all the globe, as 1s the 
lea, ſince between the tropics there are found many 
more iſlands than elſewhere, which evidently ſhews 
that the greateſt inequalities of land is to be found in 
the vicinity of the equator. 

However independent my theory may be of that 
hypotheſis of what paſt at the time of the firſt ſtate 

of the globe, I have been very glad to return to it 
in this article, in order to ſhew the connection and 
poſſibility of the ſyſtem which I have propoſed, and 
of which I have given the preciſe account in the firſt 
article, It muſt only be remarked that my theory, 
which forms the text of this work, does not ſtray far 
from it, as I take the earth in a ſtate nearly ſimilar to 
that we ſee it in, and as I do not make uſe of any 
of the ſuppoſitions which are obliged to be uſed 
when we would reaſon on the paſt ſtate of the terre- 
ſtrial globe. But as I here preſent a new idea on 
the ſubject of the mud of the waters, which, ac- 

cording to my opinion, has formed the firſt bed of 
earth which ſurrounds the globes, it appears to me 
alſo neceſſary to give the reaſons on which I found 
this opinion. The vapours which riſe in the air, 
produce rain, dew, aerial fires, thunder and other 
matters. Theſe meteors are therefore blended with 
aqueous, aerial, ſulphurous and terreſtrial partt- 
cles, &c. and it is theſe ſolid and terreſtrial parti— 
cles which forms the mud or dirt we ſpeak of. When 
Tain water is ſuffered to reſt, a ſediment 1s formed 
at bottom ; where after having collected a quantity 
of dirt, if it is ſuffered to ſtand and corrupt ; it produ- 
ces a kind of mud which falls to the bottom of the 
veffel. This mud is even in great plenty, and the 
dew produces much more than rain water. It is 
greaſy, unctious and reddiſh ſubſtance, 

The firſt ſtrata which covers the earth 1s com- 
poſed of this mud mixed with periſhed vegetable 
or animal parts, or tony and ſandy particles. We 
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may remark almoſt every where, that the cultivable 
land is reddiſh and more or leſs mixed with theſe 
different matters; the particles of ſand or ſtone found 
there, are of two kinds, the one coarſe and maſſive, 
and the other finer and ſometimes impalpable ; the 
largeſt comes from the lower ſtrata from which they 
are looſened in cultivating the earth, or the upper 
mould, penetrating into the lower which is of ſand 
or e divided matters, and forms thoſe earths we 
call (fat and unctious) the other ſtony parts which 
are finer, proceed from the air, fall ike dew and 
rain, and mix intimately with the foil. This 1s pro- 
perly the reſidue of the powder which the air tranſ- 
ports, and which the wind continually raiſes from 
the ſurface of the earth, and which fall again after 
having imbibed the humidity of the air. When the 
carth predominates, and the ſtony and ſandy parts are 
but few, the earth is then reddiſh and fertile: if at 
the ſame time it is mixed with a conſiderable quan- 
tity of periſhed animals or vegetables: the earth is 
blackiſh, and often more fertile than the firſt, but 
if the mould is only in a ſmall quantity, as well as 
the animal or vegetable parts, and the earth is white 
and ſterile; and when the ſandy, ſtony or cretaceous 
parts which compoſe theſe ſterile lands, are mixed 
with a fufficient quantity of periſhed animal or ve- 
getable parts, they form the black and lighter 
earths which have but little fertility ; ſo that, ac- 
cording to the different eombinations of theſe three 
different matters, mould parts of animals and ve- 
getables, and particles of ſand and ſtone, the land 
is more or leſs fecund and differently coloured. 
To fix ideas, let us take the firſt ſoil which pre— 
ſents itſelf, and which has been dug deep enough ; 
tor example, the earth of Marly-la-ville, where the 
pits are very deep ; it is a high country, but flat and 
fertile, the ſtrata of the earth of which are arranged 
horizontally Thad ſamples brought me of all theſe 
. 111 ſtrata 
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ſtrata which M. Dalibard, an able botaniſt, verſed 
in different ſciences, had dug under his inſpection; 

and after having tried all theſe matters in aqua for- 
tis, J formed the following table of them. 


'The State of the different Beds of Earth found at 
Marly-la-Ville, at the depth of 100 Feet. 


I 
Feet Inch, 
A free reddiſh earth, mixed with much 
dirt, a very ſmall quantity of vitrifiable ſand 
and ſomewhat more calcinable ſand - - - 13 o 
II. | 
A free earth or ſoil mixed with more gra- 
vel, and a little more vitrifiable ſand - - 2 6 
i. 
Dirt mixed with vitrifiable ſand in a very 
great quantity, and which made but very lit- 
tle efferveſcence with aqua fortis - - - - 3 0 
IV. 
Hard marl, which made a very great cf- 
ferveſcence with aqua fortis -,- - - - 2 © 
V. | 
Pretty hard marly ſtone - - - - - - 4 o 
VI. 
Marl in powder, mixed with vitrifiable 
ſand 25 mu * = * 2 — — — — — — 5 O 
VII. 
Very fine vitrifiable ſand -- 1 6 
| 1 — - | 
Marl in carth, mixed with a little vitrifis- 
BER --- - > -'- 3 6 
IX. 
Hard marl, in which was real flint - - 3 6 
X. 
Gravel, or powdered marl - - - - 1 © 
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XI. 
Feet Inch. 
Eglantine, a ſtone, of the grain and 
hardneſs of marble and ſonorous - - 1 6 
XII, 
Marly gravel - - - - - - - - - 2 6 
XIII. 
Marble in hard ſtone, whoſe grain was very 
tne > Poo on I SE. oo MY 
XIV. 
Marl in ſtone, whoſe grain was not ſo fine 1 6 
AY; 
More grain'd and thicker marl - - - - 2 6 
X Vt. 
Very fine vitrifiable ſand, mixed with ſea 
foſtl ſhells, which had no adherence with 
the ſand, and whoſe colours was perfect - 1 6 
XVII. | 
Very ſmall gravel or fine marl powder - 2 © 
XVIII. 
Mari in hard tone 
XIX. - 
Very large powdered marl = - - 1 6 
XX. 
Hard and calcinable ſtone like marble - 1 6 
XXI. | 
Grey. and vitrifiable ſand mixed with foil 
ſaclls, particularly oyſters and mulcles, 
which have no adherence with ſand and 
which are not putrifted - - - - - 3 0 
XXII. 
White vitrifiable ſand mixed with ſhells - 2 0 
| XXIII. 
Sand ſtreaked red and white, vitrifiable 
and mixed with the like ſnelllss s- - 1 © 
XIV. 
Larger ſand, but ſtill vitrifiable and mixed 
wRh the like hell 1 
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XXV. | 
Feet Inch. 


Dy Grey, fine and vitrifiable ſand mixed with 


the like ſhells s 8 6 
g | . 
Very fine fat ſand, where there were only a 
few ſhells - % ß SO. WC . 
| XXVII. 
CV 0 
HS NN XXVIII. | 
Vitrifiable ſand, ſtreaked red and white - 4 © 
XXIX. 
White vitrifiable ſand - - 3 6 
a XXX. 


Reddiſh vitrifiabie ſand = - 15 © 


Total depths when they left off digging 101 fr. 


] have before ſaid that I tried all theſe matters in 
aqua fortis; becauſe where the inſpection and com- 
pariſon of matters with others that we are acquainted 
with, is notſufficient to permit us denominateand range 
them 1n the claſs ro which they belong, and that we 
are troubled to decide by obſervation alone, there is 
no means more ready, nor perhaps more ſure, than 
to ttyby aqua fortis, the terreſtrial or lapidific matter: 
thoſe which acid ſpirits diſſolve immediately with 
heat and ebullition, are generally calcinable, thoſe 
on the contrary, which reſiſt thoſe ſpirits, and on 
which they make no impreſſion are vitrifiable. 

By this enumeration we perceive, that the ſoil of 
Marty-la-Ville was formerly the bottom of a ſea, 
which has been raiſed above 75 feet, ſince we find 
ſhells at that depth. Thoſe ſhells have been tranſ- 
Ported by the motion of the water, at the ſame time 
as the ſand in which they are met with, and the whole 
is fallen in form of a ſediment which is arranged in a 
level manner, and which have produced Ow 
$02 8 | fra 
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ſtrata of grey and white ſand, and ſometimes alſo 
freaked with red and white, &c. the total thickneſs 
of which is fifteen or eighteen feet; all the other 
upper ſtrata to the firſt, have been tranſported after 
the ſame manner by the motion of the water, and 
depoſited in form of a ſediment, which we cannot 
doubt, as well by reaſon of the horizontal ſituation of 
the ſtrata as of the different beds of ſand mixed with 
ſhells and marl, which are only the wrecks or rather 
the fragments of ſhells. The laſt ſtrata itſelf has been 
formed almoſt entirely by the mould we have ſpoken 
of, which is mixed with a part of the marl which was 
at the ſurface. | 
have choſen this example as the moſt diſadvantas 
geous for a explanation, becauſe it at firſt appears 
very difficult to conceive, that the duſt of the air, 
rain and dew, could produce a ſtrata of free earth 
three feet thick; but it muſt at firſt be obſerved, that 
it is very rare to find, eſpecially in land a little raiſ- 
ed, ſo conſiderable a thickneſs of cultivable earth: 
it is generally about three or four feet, and often not 
a foot thick. In places ſurrounded with hills, this 
thickneſs of good earth is greater, becauſe the rain 
looſens the earth of theſe hills, and carries it into the 
vallies, but by here ſuppoſing nothing at all of that, 
I find that the laſt ſtrata formed by the waters, are 
very thick beds of marl. It is natural to imagine, 
that this marl had at the beginning a ſtill greater 
thickneſs, and that of the thirteen feet which com- 
poſes the thickneſs of the upper ſtrata, there were 
many of marl, when the ſea quitted the land and left 
it naked. This marl'expoſed to the air, melted with 
the rain, the action of the air and heat of the. ſun 
produced flaws, {mall chinks and altered it by 
all theſe external cauſes ſo far as to become a mat- 
ter divided and reduced into powder on the ſur- 
face, as we ſee the marl, which we take from the 
quarry fall into powder when expoſed to the air: 
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the ſea did not quit this land fo precipitarely fince as 
it ſometimes has covered it, whether by the alterna- 


tive motion of the tides, or by the extraordinary ele- 


vation of the waters in foul weather, when it mixed 
with this bed gf mar! and other matters; when the 
land was at length raiſed above the waters, plants 
began to grow there, and it was then that the duſt 
in the rain or dew by degrees coloured and penetrated 
this earth, and gave it the firſt degree of fertility which 
mankind afterwards foon augmented by culture, by 
digging and dividing its ſurface, and Fat giving to 
the duſt in the dew or rain the facility of more deep- 
ly penetrating it, which at laſt produced that bed 
of free earth thirteen ſeet thick. 

We ſhall not here examine whether the reddiſh. co- 
lour of vegetable earths, proceeds from the iron 
which is contained therein, as it has already been ta- 
ken notice of in our diſcourſe of minerals; it is ſuf- 
ficient to have explained our conception of the for- 
mation of the ſuperficial ſtrata of the earth, and b 
other examples we ſhall prove, that the formation 
of the internal ftrata, can only be the work of the 
water. ; 

The ſurface of the globe, ſays Woodward, this 
external ſtrata on which men and animals walk. 
which ſerves as a magazine for the formation of ve- 
getables, and animals, is for the greateſt part com- 
poſed of vegetable or animal matter, which is in 
continual motion and variation. All animals and y e- 
getables, which have exiſted from the creation of the 
world, have ever ſucceſſively extracted from this 
ſtrata the matter which compoſes them, and have after 


their death reſtored to it this borrowed matter; it re- 


mains there always ready to be retaken, and to ſerve 
for the formation of other bodies of the ſame kinds 
ſucceſſively, without even diſcontinuing, for the 
matter which compoſes a body is proper and natural 
to form ancther body of that kind. In inhabited 


coun» 
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countries, in places where wood is not cut; where 
animals do not brouze on the plants, this ſtrata of 
vegetable earth increaſes very conſiderably with 
time : in all wood, and even in thoſe which are cut, 
there is a bed of mould, of fix or eight inches 
thick, which. has been formed only by the leaves, 
{mall branches, and bark which periſhed. - I have 
often obſerved on the ancient Roman way, which 
crofles Burgundy in a long extent of foil; that there 
is formed a bed of black earth more than a foot thick, 
which actually nouriſhes very high trees, and this 
ſtrata, is compoſed only of a black mould formed: by 
the leaves, bark, and periſhed wood: as vegetables 
inhale for their nutriment much more. air and water 
than earth, it happens, that by periſhing they return 
to the earth more than they have taken from it; be- 
ſides a foreſt confines the rain water, by ſtopping the 
vapours : 10 in a wood which is preferved a long time 
without being cut, the ſtrata of earth which ſerves 
for vegetation increates conſiderably. ; but animals 
reſtoring leſs to the earth than they take from it, and 
men making enormous conſumption of wood and 
plants for fire and other uſes, it follows that the ſtrata 
of an inhabited country muſt diminiſh, and become 
at length like the ſoil of Arabia, Petrea, and like 
that of many other eaſtern provinces, which in fact are 
the moſt ancient inhabited countries, where only ſand 
and falt is to be met with, for the fixed falt of plants 
and animals remains, whereas all the other parts vo- 
latilize. | 

After having ſpoken of this ſtrata of external earth 
which we cultivate; let us examine the poſition and 
formation of the internal ſtrata; the earth, ſays 
Woodward, appears in ſome places that are dry, com- 
poſed of ſtrata placed one on the other, as ſo man 
ſediments which neceſſarily fell to the bottom of the 
water: the deepeſt ſtrata are generally the thickeſt, 
and thoſe above the thinneſt, and ſo on to the ſur- 
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face. We find ſea ſhells, teeth, and bones of fith, 
in theſe different ſtrata, they are not only found in 
the ſoft beds, as chalk, mud, &c. but even in the 
more ſolid and hard ſtrata, as in ſtone, marble, &c. 
theſe marine productions are incorporated with the 
ſtone, and when broken, and the ſhell ſeparated 
from them, we always obſerve the ſtone has received 
the impreſſion with ſo much exactneſs, that we ſee 
all the parts were exactly contiguous, and applied to 
the ſhell. I am aſſured, ſays this author, that in 
France, Flanders, Holland, Spain, Italy, Germany. 
Denmark, Norway, and Sweden, ſtone and other 
terreftrial ſubſtances are diſpoſed in ſtrata as in Eng- 
land; that theſe ſtrata are divided by parallel ſtrokes; 
that there are within ſtones and other terreftrial and 
compact ſubſtances, a great quantity of ſhells and 
other productions of the ſea, ditpoted in the ſame 
manner as in this iſland. I am informed that theſe 
ſtrata are found the fame in Barbary, Egypt, Guinea, 
and in other parts of Africa, in Arabia, Syria, 
Perſia, Malabar, China, and the reſt of the pro- 
vinces of Afia, in Jamaica, Barbadoes, Virginia, 
New-England, Brafil, apd other parts of America.” 
(Eflay on the natural Hiftory of the Earth, page 4, 
41, 42, &c.) | | 

This author does not fay how he learnt, or by 
whom he was told, that the earth of Peru contained 
ſhells, yet as in general his obſervations are exact, I 
do not doubt but he was well informed; and this 
perfuades me, that ſhells may be found in the earth 
of Peru, as well as elſewhere. I mention this re- 
mark, from the occaſion of a doubt formed ſome 
time hence on that, and of which I ſhall preſently 
appeal. 

In a trench made at Amſterdam to make a pit, 
the earth was dry to the depth of 230 feet, and the 


3 
ſtrata of earth was found as follows: 7 feet of vege- 


table or garden earth, 9 feet turf, 9 feet ſoſt clay, 
8 feet 
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8. feet ſand, 4 feet earth, 10 feet ſand, on which it 
15 Fa wa a fix the piles which ſupport the houſes 
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Not only the earth is compoſed of parallel and 


horizontal beds, in the plains and hills, but even 


the mountains are in general compoſed after the ſame 
manner: it may be ſaid, that theſe ſtrata are more 
apparent there than in the plains, becauſe the plains 
are generally covered with a very conſiderable quan- 
tity of ſand and earth, which the water brought 
there, and in order to find the antient ſtrata, we 
muſt dig deeper in the plains than in the mountains, 
I have often obſerved, that when a mountain is 
equal, and its ſummit level, the ſtrata or beds of 
ſtone, which compoſe it are alſo level; but if the 
ſummit of the mountain is not placed honzontally, 
and if it inclines towards the eaſt, or towards an 
ſide, the ſtrata of ſtone inclines alſo on the ſame. fide. 
T have heard many perfons ſay, that in general the 
banks or beds of quarries inclined a little to the fide 
of the Levant, but having myſelf obſerved all the 
quarries and chains of rocks which offered, I diſco- 
vered this opinion to be falſe, and that the ftrata or 
banks of tone only incline towards the Levant, when 
the top of the hill inclines to the fame fide ; and thar 
on the contrary, if the top tends to the north, ſouth, 
&c. the beds of ſtone incline ſo likewiſe. When we 
dig ſtone and marble from the quarry, we take great 
care to ſeparate them according to their natural poſi- 
tion, and we cannot even pet them of a large fize, if 
we cut them in any other direction. Where they are 
made uſe of for maſonry to be good, and the ſtone 
to endure a long time, we muſt place them on their 
Lit de Arriere, for to the workman call the horizon- 
tal ſtrata : if in maſonry the ftones were placed in 
any other direction, they would ſplit, and would not 


ſo long reſiſt the weight with which they are loaded. 


We perceive that this perfectly confirms that ſtones 
are found in parrallel and horizontal ſtrata, which 


are ſucceſhyely heaped one on the other, and that 
theſe 
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theſe ſtrata compoſed maſſes where refiſtance is 
greater in that direction than 1n any other. 

On the whole, every ftrata, whether horizontal or 
inclined, has an equal thicknets throughout its whole 
extent: that is to ſay, every bed of any matter what- 
ſoever, taken ſeparately, has an equal thickneſs 
throughout its whole extent; for example, when the 
bed of ſtone in a quarry is three feet thick in one 
part, it will have the ſame thickneſs throughout: if 
in one part it is found to be fix foot thick, 1t will be 
ſo throughout. In the quarries about Paris the bed 
of good ſtone is not thick, and ſcarcely 18 or 20 feet 
thick; in other quarries, as thoſe of Burgundy, the 
ſtone is much thicker ; it is the ſame with marble : 
the black and white marble have a thicker bed ; the 
coloured are commonly thinner, and I know beds of 
very hard ſtone, which the farmers in Burgundy 
make uſe of to cover their houſes, that are not 
above an inch thick. The thickneſs of different 
beds, therefore, are different, but each bed pre- 
ſerves the ſame thickneſs throughout its extent; in 
general it may be ſaid, that the thickneſs of the hori- 
zontal ftrata is ſo greatly varied, that it 15 found from 
one line and leſs to 1, 10, 20, 30, or 100 feet thick ; 
the ancient and modern quarries which are horizon- 
tally dug; the perpendicular and other divifi- 
ons of mountains, prove that there are exten- 
ſive ſtrata in all directions. It is thoroughly 
proved, ſays the hiſtorian of the academy, that all 
ſtrata has formerly been a ſoft paſte, and as chere 
are quarries almoſt in every part, the furface of 
the earth has therefore been in all theſe places, 
muddy, at lenſt to a certain depth. The ſhells 
found almoſt in all quarries prove, that this mud 
was moiſtened by the water of the fea, and con- 
ſequently that the ſea covered all theſe places, 
and it could not cover them without alſo covering 
21; that was level with or lower than it; it could not 


elſe 


n 
2 — i = 


— — — . — — 
3 2 — 
n 


12 


* * 5 
<> rn 2 n 
— LOS 


4 £7 
> — YR 


NT ae 
Wy 1 — . 


— 


— te Ser — 
. 
E 


yy X US > - 1 aig wt 
— 3 * 
Lo Sin a ag ov — 4 * 
1 2 — 


\ a2 
0 44 r 


= 

} 

© 
1 
* 
”% gl 
1 4 


444 r rex. 


elſe cover every place where there were quarries, 
nor thoſe which are level or lower, without covering the 
whole face of the terreſtrial globe. We do not here 
conſider the mountains which the fea mnſt have alſo 
covered, fince there are often found quarries and 
ſhells there : if we ſhould ſuppoſe them formed there, 
our reaſoning would become ſtronger. 

The ſea, continues he, therefore covered th 
whole earth, and from thence it proceeds that all the 
banks and beds of ſtone which are in the plains, are 
horizontal and parallel : Fiſh muſt have alſo been 
the moſt ancient inhabitants of the globe, which then 
had neither terreſtrial animals nor birds. But how 
did the iea retire into theſe great vacancies, into the 
vaſt baſons which it at preſent occupies? What pre- 
ſents itſelf the moſt natural to the mind, is, that the 
earth, at leaſt at a certain depth, was not entirely ſolid, 
but intermixed with ſome great vacuums, whoſe 
vaults were ſupported for a time, but at length 
funk in ſuddenly : then the waters muſt have fallen 
into theſe vacancies, filled them, and left naked a 
part of the earth's ſurface, which became an agreea- 
ble abode to terreſtrial animals and birds, The ſhells 
in quarries perfectly agree with this idea; for beſides, 
as only the ſtony parts of fiſh could be preſerved till 
now, we know that generally ſhells are heaped up in 
great abundance in certain parts of the ſea, Where 
they are immoveable, and form a kind of rock, and 
could not follow the water, which ſuddenly forſook 
them : this is the reaſon that we find more ſhells 
than bones or impreſſions of the fiſh, and this 
even proves a ſudden fall of the ſea into its baſons. 
At the fame time as our ſuppoſed vaults gave way, it 
is very poſſible that other parts of the globe were 
raiſed, and for the fame reaſon there would be moun- 
tains placed on this ſurface, with quarries already 
formed ; but the beds of theſe quarries have not pre- 
ſerved the horizontal direction they before had, at 
; . i „ N | , leaſt 


NATURAL HISTORY. 48 
leaſtthat the mountains were not raiſed preciſely ac- 
cording to an axis perpendicular to the ſurface of the 
earth, which could but happen very ſeldom : fo alſo 
Qs we have already oblerved in 1708 the beds of quar- 
ries of mountains are always inclined to-the Fr 
and parallel with each other; for they have not 
changed their poſition with reſpect to each other, 
but only with reſpect to the ſurface of the carth. 
See the Mem. of the Acad. 1716, page 14. | 
Theſe parallel ſtrata, theſe beds of earth and ſtone, 
which have been formed by the ſediment of the ſea, 
often extend to very conſiderable diſtances, and even 
we often find in hills feparated by a valley the ſame 
beds, and the ſame matters at the ſame level. This 
obſervation which I have made agrees perfectly 
with that of the height of the oppoffte hills, which 
I ſhall ſpeak of preſently ; ; we may eafily be aſſured 
of the truth of theſe circumſtances, for 1 in all narrow 
vallies, where rocks are diſcovered, we ſhall find 
the ſame beds of ſtone and marble are found on 
both fides of the ſame height. In a country where 
1 frequently refide, and where I narrowly exa- 
mined the rocks and quarries, I found a quarry of 
marble which extended more than 12 miles in 
length, and whoſe breadth was very confiderable, 
although 1 have never been able preciſcly to affure 
myſelf of this extent in breadth. I have often ob- 
ſerved, that this bed of marble 1s of the fame thick- 
neſs, and in hills divided from this quarry by a 
valley of 100 feet depth, and quarter of a mile in 
breadth, I found the fame bed of marble at the 
fame height ; am perſuaded it is the fame in every 
{tone or marble quarry, where ſhells are found; for 
this obſervation does not hold good in quarries of 
grés. In the courſe of this work, we ſhall give 
reaſons for this difference, and mention why gres is 
not d liſpoſed, like other matters, in horizontal beds, 
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and that it is in irregular blocks, both for form and 
poſition. 

We have likewiſe obſerved that the beds of earth 
are the ſame on both ſides the ſtraits of the fea, and 
this obſervation, which is important, may lead us to 
diſcover, the land and iſlands which have been ſe- 

arated from the continent, it proves, for example, 
that England has been divided from France, Spain 
from Africa, Sicily from Italy, and it is to be with- 
ed, that the ſame obſervation had been made in all 
the ſtraits. I am perſuaded, that we ſhould find it 
almoſt every where true, and to begin by the long- 
eſt ſtrait known, i. e. that of Magellan, we do not 
know whether the ſame beds of ſtone are found of 
the ſame weight on both fides, but we ſee. .by_the 
inſpection of the particular maps of this ſtrait, 
that the two high coaſts which confine it, form 
nearly like the mountains of the carth correſpondent 
angles, and that the ſaillant angles are oppoſite to 
the returning angles, in the turnings of the ſtrait, 
which proves that the Terra del Fucga, muſt be re- 
garded as part of the continent of America. ; it is 
the ſame with Forbiſhers ſtrait, the iſland of Friſ- 
land, appears to have been divided from the conti- 
nent of Greenland. 

The Maldivian iſlands are only ſeparated by ſmall 
tracts of ſea, on each fide of which banks and rocks 
are found compoſed of the ſame matter; all theſe 
iſlands which taken together, are near 200 miles 
long, formed anciently only one land; they are now 
divided into 13 provinces, called Atollons. Each 
Atollon contains: a great number of ſmall iflands, moſt 
of which are ſometimes overflown, and ſometimes 
dry, but what is remarkable, theſe 13 Atollons are 
each ſurrounded with a chain of rocks of the ſame 
nature as ſtone, and that there are only three or four 
dangerous inlets, by which they can be entered. 
They are all placed one after the other, and it evi- 


ently 
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appears that theſe iſlands were formerly a long 
mountain, capped with rocks. (See the voyages of 
Francis Piriard, Vol. 1. Paris 1719, page 108, 
&C. | 
<A authors, as Verſtegan, Twine, Somner, 
and eſpecially Campbell, in his deſcription of Eng- 
land, in his chapter of Kent, gives very, ſtrong 
reaſons, to prove that England was formerly joined 
to France, and been ſeparated from it by an effort 
of the fea, which opened that channel, left a great 
quantity of low and marſhy ground naked, all along 
the ſouthern coaſts of England. Dr. Wallis, as a 
proof of this circumſtance, ſhews the conformity of 
the antient Gallic and Britiſh tongues, and adds 
many obſervations which we ſhall relate in the fol- 
lowing articles. 
If we conſider the form of ground, the po- 
fition of mountains and the finuofities of rivers, 
we ſhall perceive that generally oppoſite hills are 
not only compoſed of the ſame matters, on 
the ſame level, but are nearly of an equal height. 
This cquality I have obſerved in my travels, and 
have nearly found the ſame, on the two ſides, eſpe- 
cially in valleys, which are no more than a quarter 
or a third of a mile broad; for in great valleys which 
are very broad, it is very difficult to judge of the 
height and equality of hills, becauſe there is both 
a deception in opties and judgment. By looking on a 
plain or any other level ground which extends any 
diſtance, it appears to riſe; and on the contrary, 
by looking on hills at a diſtance they appear lower; 
but this is not the place to give a mathematical rea- 
ſon tor this difference. On the other hand, it is 
very difficult to judge by the naked fight, where the 
middle of a great valley is, at lealt if there is no n- 
ver; whereas in confined vallies our fight is lets 
equivocal and our judgment more certain, That 
part of Burgundy comprehended by Auxerre, Dijon, 
Autun 
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Autun and Bar- ſur- ſeine, a conſiderable extent of 


which is called Je bailliage de la Montagne, is one of the 


higheſt parts of France; on one ſide of moſt of theſe 
mountains which are only of the ſecondclaſs, and ſhould 
be regarded only as high hills; the water flows to- 
wards the Ocean, and on the other ſide towards the 


Mediterranean. There are points of diviſion as at 


Sombernan, Pouilli in Auxois, &c. where the wa- 
ter may be indifferently turned towards the Ocean or 
Mediterranean. 'This high country 1s cut with many 
{mall vallies, very confined, and almoſt all watered 
with large rivulets or ſmall rivers. I have a thouſand 
and a thouſand times obſerved the correſpondence of 
the angles of. theſe hills and their equahty of height, 
and Fam:certain, that I have every where found the 
faillant angles oppoſite to the returning angles, and 
the lengths nearly equal on both ſides. The tarther 
we advance into the higher country, where the points 
of diviſion are, the higher the mountains are; but 
this height is always the ſame on both fides of the 
vallies, and the hills are razed or lowered ahke, By 
placing myſelf at the extremity of avalley towards the 
middle of its breadth, I have always obſerved that the 
hollow of the valley was ſurrounded and ſurmounted 
with hills of an equal height; I madethe like obſerva- 
tion in many other parts of France. It is this equality ot 
height in the hills which form plains in mountains; 
theie plains form,- as we may ſay, lands higher than 
others. But high mountains do not appear ſo equal 
in height, moſt of them terminate in points and ir- 
regular peaks, and I have ſeen in croſſing the Alps 
and the Apennine mountains, that the angles, are 
in fact correſpondent, but it is almoſt impoſſible to 


judge by the eye of the equality or inequality of 


oppoſite mountains, becauſc their {umnuts are loſt in 
miſt and clouds. 

The different ſtrata of which the earth is compo- 
fed, are not diſpoſed according to the order of their 
| ſpe- 


% 


NATURAL HISTORY, a 


\ 


' ſpecific weight; for we often find ſtrata of heavy 
matters placed on ſtrata of lighter. To be aſſured of 
this, we have only to examine the nature of the. 
earth on which rocks are placed, and we ſhall find 
that it is generally clay which 1s ſpecifically lighter 
than the matter of the rock. In hills and other 
ſmall elevations, we eaſily diſcover the baſe on which 
rocks are placed; but it is not ſo with large moun- 
tains, not only the ſummit is rock, but thoſe rocks 
are placed on other rocks; there are mountains up- 
on mountaius and rocks upon rocks, to ſuch a con- 
ſiderable height, and in fo great an extent of ground, 
that we can ſcarcely be certain where there is earth 
at bottom, and of what nature it is. We ſee picked 
rocks which are many hundred feet high; theſe 
rocks reſt on others, which perhaps are no leſs; ne- 
vertheleſs, may we not compare great u h ſmall ? 
and fince the rocks of little mountains, u hoſe baſes 
are to be ſeen, reſt on earth lets heavy and ſolid than 
ſtone, may we not ſuppoſe that the baſe of high 
mountains is allo of carth ? On the whole, all that I 
have here to prove is, that, by the motion of the 

waters, it may naturally happen that the more pon- 
derous matters accumulated on the lighter; and, that 
if this in fact is found to be ſo in moſt hills, it is 
probable that it has happened as I explain it; but 
if my reaſons ſhould be rejected, by objecting that I 
am not properly grounded to ſuppoſe, that before 
the formation of mountains the heavieſt matters were 
below the lighter; I anſwer, that I affert nothin 
general in this reſpect, becaule this effect may have 
been produced in many manners; whether. the hea- 
vieſt matters were uppermoſt or undermoſt, or pla- 
ced indifferently, we at preſent fee them. For to 
conceive how the ſca at firſt formed a mountain of 
clay and afterwards capt it with rocks; it is ſuffi- 
cient to conſider the ſediment may ſucceſſively come 
from different parts, and that they may beof different 

Vor, V. „ mat- 
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matters, ſo that-in ſome parts of the ſea where the 
water ſhall have depoſited at firſt many ſediments of 
clay, it may very likely happen, that inſtead of 
clay the waters brought a ſtony ſediment, and that 
becauſe they have raiſed the clay from the bottom 
and looſened it from the ſides, ſo that afterwards 
they attached themſelves to the rock, or poſhbly 
becauſe the firſt ſediment came from one part, and 
the ſecond from another. On the whole, this per- 
fectly agrees with obſervation, by which we perceive 
that the beds of earth, ſtone, gravel, ſand, &c. fol- 
lows no rule in their arrangement, or at leaſt are 
placed indifferently one on the other as it were by 
chance. | 
Nevertheleſs, even this chance muſt have rules, 
which can be known only by eſtimating the value 
of probabilities, and the truth of conjectures. By 
attending to our hypotheſis, on the formation of the 
globe, we have ſeen that the internal part of the 
earth muſt have been a vitrified matter, fimilar to 
our vitrified ſands, which are only fragments, of 
glaſs, and of which the clays are perhaps the ſcoria ; 
in this ſuppoſition, the center of the earth, and al- 
molt as far as the external circumference, muſt be 
glaſs, or a vitrified matter, which fills almoſt all the 
internal part, and above this matter we ſhould find 
ſand, clay, and other ſcoria of this vitrified matter; 
thus by conſidering the earth in its firſt ſtate, it was 


a nucleus of glaſs or vitrified matter, which is either 


maſſive like glaſs, or divided like ſand, becauſe 
that depends on the degree of vehemence of the 
fire it has undergone: above this matter were ſand, 
and, at laſt clay; the foil of the waters and air pro— 
duced the external cruſt, which is thicker or 
thinner according to the lituation of the ground, 
more or leſs covered according to the different mix- 
tures of {oil, ſand, and animal and vegetable parts; 
and more or leſs fertile according to the abundance 
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or want of theſe parts. To ſhew that this ſuppoſi- 
tion on the formation of ſand and clay, is not fo 
chimerical as may be imagined, we have thought 
proper to add ſome particular remarks, 

I conceive therefore, that the earth in its firſt ſtate 
was a globe, or rather a ſpheroid of vitrified mat- 
ter, and very compact glaſs, covered with a light 
and friable cruſt, formed by the ſcoria of the mat- 
ter in fuſion, a real pumice ſtone. The motion and 
agitation of the waters and air ſoon broke and re- 
duced this cruſt of ſpungy glaſs to powder. ' Hence 
the ſand, which by uniting afterwards produced 
large flints, which as well as the ſmall, owe their 
hardneſs, colour or travſparency and variety to the 
different degrees of purity, and fineneſs of the grain 
of the ſand which entered into their compoſition, 

Theſe ſands whole conſtituting parts united by fire, 
aſſimilated, and became a very denſe hard body, 
to much the more traniparent as the ſand was more 
homogenous ; on the contrary, being expoſed a long 
time to the air, they decompoled by the diſunion,and 
exfoliationof the ſmall lama of which they were form- 
ed, they begin to become earth, and it is thus that clay 
and potter's earth are formed. This duſt, ſometimes 
of a brightiſh yellow, and ſometimes like filver ſand, 
is nothing elſe but a very pure ſand ſomewhat periſh- 
ed, almoſt reduced into its principles, and which 
tends to a perfect decompoſition. By time, this 
{and will be ſo far attenuated and divided, that they 
will no longer have ſufficient thickneſs, and ſurface. 
to reflect the light, and acquire all the properties of 
clay: this theory is confirmable to what every day 
is ſcen; let us immediately waſh ſand as ſoon as dug, 
and the water will be loaded with a black ductile. 
and fat earth. In cities where the ſtreets are 
paven with gre's ſtone, the dirt 1s always black and 
orcaſy, and dried forms an earth- of the ſame nature 
as potier's earth Let us moiſten and waſh th's earth 
likew;ſc taken from a ſpot where there are neither 
ore's 
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gre's nor flints, there will precipitate a great quan- 
tity of vitrifiable ſand. / 
But what perfectly proves that ſand and even flint 
and glaſs exiſt in this earth, and are not diſguiſed there- 
in, is, that the fire, by uniting the parts of the lat- 
ter, which the action of the air and other climates 
had poſſibly divided, reftores it to its firſt form. 
Argile put in a reverberating furnace, heated to the 
degree of calcination, it will cover itſelf externally 
with a very hard enamel; if it is not vitrified inter- 
nally, it nevertheleſs will have acquired a very great 
hardneſs; it will refit the file, it will omit fire under 
the hammer, and it has all the properties of ilint, a 
greater degree of heat cauſes it to flow, and converts 
it into real glaſs. | 

Argile and ſand are therefore matters perfectly ana- 
logous, and of the ſame claſs: if argile by condenſ- 
ing may become flint and glaſs, why may not ſand by 
dividing become potter'searth? glaſs appears to be true 
elementary earth, and all the mixt a diſguiſed glaſs: 
metals, minerals, ſalts, &c. are only vitreſcible earth; 
common ſtone and other matters analogous to it, and 
teſtaceous, and cruſtaceous ſhells, &c. are the only 
ſubſtances which not be vitrified by any known agent 
and the only ones which ſeem to form a ſeparate claſs. 
Fire by uniting the divided parts of the firſt, forms an 
homogenous matter, hard, and tranſparent to a cer- 
tain degree, without any diminution of weight,and to 
which it is no longer poſſible to cauſe any alteration ; 
thoſe on the contrary, in which a greater quantity of 
active and volatile principles enter, and which cal- 
cine, loſe more than one-third of their weight in the 


fire, and ſimply retake the form of earth, without 


any alteration than a difunion of their principles : 
theſe matters excepted, which are no great number, 
and whoſe combinations produce no great varieties 
in nature; every other ſubſtance, and particularly pot- 
ter's earth. may be converted into glaſs, and are conſe- 
quently eſſentially, only a decompoled glaſs. it my 
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fire ſuddenly cauſes the form of theſe ſubſtances to 
change, by vitrifying them, glaſs itfelf, whether 
it has its glatly nature, or whether that of ſand or 
flint, naturally changes into potters earth, but by 
a flow and infeaſible progres. 

In the foil where flint is generally the predomi- 
nant ſtone; the country is generally fertile and if 
the place I uncultivated, and theſe ſtones have been 
a long time expoſed to the air, without having been 
ſtirred ; their upper ſuperficies is always very white, 
whereas the oppotite fide, which touches the earth, 
is very brown, and preſerves its natural colour; if 
many of theſe flints are broken, we ſhall perceive 
that the whiteneſs 1s not only external, but pene- 
trates internally, and there forms a kind of band, 
not very thick in certain flints, but which in 
others occupies almoſt the whole flint. This white 
part is ſomewhat grainy, entirely opaque, as ſoft as 
ſtone, and adheres to the tongue like bole; whereas 
other flint is ſmooth, has neither thread nor grain 
and preſerves its natural colour, tranſparency and 
hardneſs ; if flint is put into a furnace, its white 
part becomes of a brick colour, and its brown part 
of a very fine white. Let us not ſay with one of 
our moſt celebrated naturaliſts, that theſe ſtones are 
imperfect flints of different ages, which have not 
acquired their perfection; for why thould they be all 
imperfect ? why ſhould they be all on the ſame fide, 
and expoſed to the weather ? It appears to me very 
reaſonable that there are on the contrary ſlints, chang- 
ed and decompoſed, and which aſſumes the form and 
property of bole and potters earth, of which they were 
formed. If this 1s thought to be only conjecture, let 
the hardeſt, blackeſt, and moſt 2 flint, (as this fa- 
mous naturaliſt rerms it) be expoſed to the weather. 
in leſs than a year, its ſurface will change colour, 
and if we have patience to purſue this experiment, 
we ſhall ſee it by degrees loſe its hardnels, — 
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rency and other ſpecific characters, and approach 
every day nearer, and nearer the nature of argile. 
What happens to flint, happens to ſand; each 
grain of ſand may be conſide red as a ſmall flint, and 
each flint as a mals of grains of ſand, extremely fine, 
and exactly grained. The example of the firſt de- 
gree of decompoſition of ſand is found in the brilliant 
and opaque powder called Mica, in which potters earth 
and ſlate are always diffuſed. The entirely tranſpa- 
rent flints, the Quartz, produce, by decompoſition, 
fat and ſoft talk, as petrifiable and duſſable as clay: 
and it appears to me that talk is a mediate term be- 
tween, glaſs or tranſparent flint and argile ; whereas 
coarſe and impure flint, by decompoſing, paſſes to 
potters earth without any intermedium. 

Our factitious glaſs proves alfo the ſame altera- 
tions: it decompoſes in the air, and periſhes in ſome 
manner by remaining in the earth. At firſt its ſu- 
perticies ſcales exfoliates, and by working it we 
perceive brilliant fcales fly from it; but when its 
decompoſition is more advanced, it crumbles between 
the fingers, and is reduced into a very white fine 
talky powder. Art has even imitated nature in 
the decompoſition of glaſs and flint. Fſt etiam certa 
methodus folius aquæ communis ope ſilites & arenam in li- 
guorem viſcoſum, eundempue in ſal viride convertendi, 
& hoc in oleum rubicundum, &c, Salis ignis & aque 


- ope ſpeciali experimento duriſſimos queſque lapides in mu- 


corem reſolvo, qui diſtillatus ſubtilem ſpiritum exhibet & 

oleum laudibus prædicæbile. See Becher, Phyſ. ſubter. 
Theſe matters more particularly belong to mine- 
rals, and we ſhall content ourtelves here with add- 
ing, that the different ſtrata which cover the terreſ- 
trial globe, being actually either matters to be con- 
ſidered as vitrified, and which are all vitriſcible, 
and as it is evident that from the decompoſition ot 
glaſs and flint, which is every day made before our 
eyes, a true argilous earth remains; it is not therefore 
a precarious and hazardous ſuppoſition to advance 
chat 
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that clays, argile, and ſands Fave been formed b 
the ſcoria, and vitrified drops of the terreftrial globe, 
eſpecially when we join the proofs a priori, which 


we have given to evince there has been a, ſtrata of 
liquefaction cauſed by fire. 


—— 


— — 


PROOFS of the "THEORY of the EARTH. 


AKT CEE FOE 
On Shells, and other Marine Productions, found in the 
Bowebs of the Earth. 
Have often minutely examined quarries, the 
banks of which were filled with ſhells; I have 
icen entire hills compoſed of them, and chains of 
rocks which contained them abundantly through- 
out their whole extent. The volume of theſe ma- 
rine productions is aſtoniſhing, and the number fo 
prodigious, that it is ſcarcely poſſible, that there 
can be more in the ſea; it is by conſidering this in- 


numerable multitude of ſhells, and other marine. 


productions, that leaves us no doubt of our carth's 
having been a very long time under water, and in- 
habited by as many fhell fiſh as it ar preſent is. 
The quantity is immenſe, and naturally it might 
not be imagined that there was ſo great a multi- 
tude of theſe animals in the ſea; it is not by the 
foihl and petrified ſhells found on the earth, that 
we can have an idea of them. In fact, we muſt 
not think, as thoſe people imagine, who reafon on 
theſe matters, without having ſeen them, that theſe 
ſhells are only found at random, diſperſed here and 
there, or at moſt in {mall heaps, as oyſter ſhells 
thrown before our doors; it is in mountains they 
are met with, in ſhoals of 100 or 200 miles length; 
it is in hills and provinces we muſt look for them, 


often 50 or 60 feet thick, and it is from theſe cir- 
cumſtanccs we mult reaſon, 


We 
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We cannot give a more ſtriking example on this 


ſubject than the ſhells of Touraine. The follow- 


ing is what the Hiſtorian of the Academy ſays, 

anno 120, page 3, &c. In all the ages fo unen- 
lightened and deprived of the genius and obſerya- 
tion and refearches, to think, that all what is called 
figured flones, and the ſhel! fim found in the earth, 

were the ſports of nature, or ſome trivial particular 
accidents, chance has brought to light an infinity 
of theſe curioſities, which even poiloſop hers, (if 
there were philoſophers) regarded but with an igno— 
rant ſurprize, and a flight attention, and all This 
periſhed without any fruit for the progreſs of know- 
ledge. A potter who knew neither Latin nor Greek, 


towards the end of the 16th century, was the. firſt 


who dared achrm in Paris, to the face of all the 
doctors, that the foſſil ſhells were real ſhells for- 
merly depoſited by the ſea where they were then 
found; that animals, and particularly fiſh, had gi- 
ven to ſtones all theſe different figures, &c. and he 
boldly defies the whole fchool of Ariſtotle to attack 
what he ſays. This was Pernerd Paliſſy Sain- 
tongeois, as great a phyfician «5 nature could 
form; nevertheleſs his ſyſtem flept near 100 years, 
and even the author's name is almoſt dead, Art 
length the ideas of Paliſſy are revived in the mind 
of {everal ſages; they have made the fortune they 
deſerved, they have profited by all the ſhells and 
figured ſtones the earth furniſhes us with; perhaps 
they are at preſent become only too common, and 
the conſequences drawn from them are ſoon in dan- 
ger of being very inconteſtable. 

Notwithitanding this, the obſervations preſented 
by M. Reaumur muſt appear wonderful; a maſs of 


130 millions 680 thouſand cubical fathom, dug 
under the earth, and which was one maſs of ſhells 


or fragments of thells, without any mixture of 
Kone, cartn, ſand, or other extrancous matter: 
YT” hitherto 
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hitherto foſſil ſhells have never appeared in ſuch an 
enormous quantity, nor have they ever appeared in 
a much. leſs quantity without mixture. It is m 
Tourain this prodigious maſs is found more than 
36 miles from the fea; this is perfectly known 
there, as the farmers of this province make uſe of 
theſe ſhells which they dig up, as marl for their 
lands, to fertilize their plains which otherwiſe 
would be abſolutely ſterile, We leave to M. Reaus 
mur. to explain this particular, and to all appear- 
ance abſurd mode ſucceeded, we ſhall - incloſe 
22 in the ſingularity of this great heap of 

ells. - 3 2 | 

« What is dug from the earth, and which gene- 
rally is no more than 8 or 9g feet deep, is only ſmall 
fragments. of ſhells, very diſtinguiſhable as frag- 
ments, for they have very perfect hollows, ha- 
ving only loſt their gloſs and colour, as almoſt all 
ſhells do which we find in the earth. The 
ſmalleſt pieces, which are only duſt, are ſtill diſ- 


tinguiſhable, becauſe they ate perfectly of the ſame 


matter as the reſt, and ſometimes whole ſhells are 
found. We diſcover the kinds as well in the whole 
ſhells as in the larger fragments; ſome of theſe 
kinds are known at Poitou, others belong to more 
remote coaſts. There are even fragments of marine 
ſtony plants, ſuch as Madrepores, ſea muſhrooms, . 
&c. all this matter in the country is termed Fallun. 
In phyſical points, the ſmalleſt circumſtances, 
which moſt people do not think worthy of remark - 
ing, ſometimes lead to conſequences, and afford 
great lights. M. de Raumur obſerves, that all the 
fragments of ſhells are in their heaps placed flat, 
and horizontally, and hence he has concluded that 
this infinity of fragments does not proceed from the 
heap being formed of whole ſhells, the uppermoſt 
by their weight have cruſhed the others, for accord- 
ing to that fallings would have enſued which would 
Vor. V. Mm m have 
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have given an infinity of different poſitions. All theſe 
ſhells muſt have been brought there by the ſea, ei- 
ther whole or broken, and as they were brought 
floating, they were placed flat and horizontally ; 
after they were thus all depoſited in the common 
rendezyous, the extreme length of time broke ſome, 
and almoſt calcined the greateſt part without de- 
ranging their poſition ? N ei! | 
- 6 By this it appears, that they muſt have been 
brought ſucceſſively, and in fact how could the fea 
carry at once ſuch a prodigious quantity of ſhells, 
all in an horizontal poſition? they muſt have col- 
Je&ed in one ſpot, and conſequently this ſpot muſt 
have been the bottom of a gulph or kind of baſon. 
All this proves, that although there muſt have 
remained, and effectually does remain on the carth, 
many veſtiges of the univerſal deluge related in the 
holy ſcripture, the mats of ſhells at Touraine was not 
produced by this deluge ; there is perhaps not ſo 
great a maſs in any part of the ſea : but in ſhort, the 
deluge did not tear them away, and if it had, it 
would have been with an impetuoſity and violence 
which would not have permitted all theſe ſhells to 
have one uniform poſition. They muſt have been 
brought and depoſited gently, and flowly, and con- 
ſequently in a ſpace of time much longer than a 
year. 
Therefore, the ſarface of the earth muſt have 
been, before or after the deluge, very differently 
diſpoſed from what it at preſent is: that the ſea and 
continent had another arrangement, and that in 
ſhort there was a great gulph in the middle of Tou- 
Taine ; the changes which are known to us and which 
have ſomething hiſtorical, fince the fabulous ages, 
are in fact but inconſiderable, but they give us 
room eafily to imagine thoſe which a longer time 
might bring about. M. Reaumur has a ſuppoſition 
how the gulph of Tourain communicated with the 


ocean, 
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ocean, and what the current was that conveyed the 
ſnells there; but this is only a ſimple conjecture 
laid down in room of the real unknown, fact. To 
ſpeak certainly on this matter, we ſhould have geo- 

raphical maps made according to all the ſpecies of 
ſhell fiſh dug in the earth. What a quantity of 
obſervations would it not require, and what a'time 
to make them? Who knows nevertheleſs whether 
the ſciences will not in future reach as far, or at 
leaſt patt of the way towards it. 

This very conſiderable quantity of ſhells will aſ- 
toniſh us leſs, if we conſider ſome circumſtances, 
which is proper not to omit ; the firſt 1s, that ſhell 
iſh multiply prodigiouſly, and increaſe in a very 
ſhort time; the attendance of individuals in each 
kind proves to us their fecundity, We have a ſtrong 
example of this multiplication in oyſters ; ſome- 
times in a fingle day a maſs of many fathoms of 
theſe ſhell fiſh are raiſed. In a very ſhort time, the 
rocks from which they are ſeparated are conſidera- 

bly diminiſhed, and other places where they are 
_ fiſhed for exhauſted likewiſe ; nevertheleſs the en- 
ſuing year we find them as plentiful as before, the 
quantity of oyſters are not perceived. to be diminiſh- 
ed, and I know not whether the parts where they 
naturally come, were ever entirely exhauſted. A 
ſecond conſideration is, that the ſubſtance of the 
ſhells is analogous to ſtone, that they are a long 
time preſerved in ſoft matters, and petrity readily 
in hard, that theſe marine productions and ſhells 
found on the earth, being the wrecks of many ages, 
mult have formed a very conſiderable volume, 

There are, as we perccive, a prodigious quan- 
tity of ſhells in marble, lime, ſtone, chalk, marl, 
&c, we find them as I before ſaid, in hills and 
mountains, and often they make more than one 
halt of the volume of matters which contain them; 
tor the moſt part they appear well preſerved, others 


are 
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are in fragments, but large enough to diſtinguiſh 
y the eye to what kind of ſhell theſe fragments 
belong, and here the obſervations and knowledge 
inſpection may give us is limited. But I ſhall go 
further, and aſſert that ſhells are the intermedium 
which nature uſes to form ſtone. I aſſert, that 
chalks, marls, and lime ſtone are compoſed only of 
the powder and detriments of ſhelis ; that conſe- 
quently the quantity of ſhells deftroyed are infinitely 
more confiderable than that of preſerved ſhells; I 
ſhall here content myſelf with indicating the point 
of view in which we muſt conſider the ſtrata of 
which the globe 1s compoſed, The firſt external 
ſtrata is compoſed of the dirt of the air, the ſedi- 
ment of the rain, dew, and vegetable or animal 
parts, reduced to particles, in which the antient 
organiſation is not perceptible ; the internal ſtrata 
of chalk, marl, lime, ſtone, and marble, are com- 
2 of the ruins of ſhells, and other marine pro- 
auctions, mixed with fragments or whole ſhells, but 
the vitrifiable ſand or argile are the matters of 
which the internal part of the globe 1s compoſed, 
They were vitrified when the globe received, its 
form, which neceffarily ſuppoſes that the matter 
was in fuſion, The granite, rock, flint, &c, muſt 
awe their origin to ſand and argilous carth, andThey 
are likewiſe diſpoſed by ſtrata, but tuffs *, gres, and 
flints, which are not in great waffes, chryſtals, me- 
tals, pyrites, moſt minerals, ſulphurs, &c. are 
matters whoſe formation is novel, in compariſon 
with marbles, calcinable tones, chalk, marl, and 
all other matters diſpoſed in horizontal ſtrata, and 
which contain ſhells and other ruinated productions 
of the ſea. 

As the denominations I make uſe of might ap- 
pear ob ſcure or equivocal, I judged it neceſſary to 
explain them. I underſtand by the word arpile not 
only the white yellow, but alſo the blue, ſoft, hard, 

| foliated 


* A ſort of ſoft gravelly fone, 
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foliated and other clays, ' which I look on as the ſco- 
ria of glaſs, or as decompoſed glaſs. By the word 
ſand, I always underſtand vitrifiable ſand, and not 
only comprehend under this denomination the fine 
ſand which the gres produce, and which I look 
upon as powdered glaſs, or rather pumice ſtone; but 
allo the tand which proceeds from the ges deſtroyed 


by friction, and alſo the larger ſand as ſmall gravel 


which proceeds from the granate, which is 1har 
angular, red, and very commonly found in the bed 
of rivers or rivulets, Which drive their waters im- 
mediately from the higher mountains, or hills of 
ſtone or granate, The river Armanſon conveys a 
great quantity of this ſand, which 1s Jarge and very 
tharp, and in fact, is only fragments or calcina- 
ble gravel, or the fragments ef ſtone. On the 
whole, rock ſtone and granate are one and the ſame 
ſubſtance ; but I thought it my duty to make uſe 
of both denominations, becauſe there are many per- 
{ons who make two different matters of them. It is 
the ſame with reſpect to flints and gres, in large 
lumps ; I look on them as kinds of granate, and I 
call them large flints ; becauſe they are diſpoſed like 
calcinable ſtone in ſtrata, and to diſtinguiſh them 
from the flints and gres, which I term in ſmall maſſes, 
and which are round flints and gres, which are found 
a la chaſſe, as the workmen ſay ; that is to ſay, the 
gres where banks have no regular courſe, and do not 
form continued. quarries, and which have a certain 
extent, Theſe gres and flints are of a more modern 
formation, and have not the ſame origin as the flints 
and gres in large lumps, which are diſpoſed in ſtrata. 
] underſtand by /ate, not only the blue flate which 
all the world knows, but white, grey, and red 
ſlate : theſe matters are generally met with above 
the foliated argile, the different {mall ſtrata of which 
received a body in drying, which has produced the 
beds, 
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beds we find there, Pit coal, jet, &c. are matters which 
allo belong toargile. By the word tu,, I underſtand not 
only the common tuf which appears, and as I may fa 
organiſed, but alſo all the ſtrata of ſtone made by the 
depoſit of running waters, all the ſtalactites, incruſt- 
ations, and all kinds of fuſing ſtone, It is no ways 
dubious that theſe matters are not modern, and that 
they every day grow. The tuf is only a maſs of la- 
pidific matter, in which we perceive no diſtinct ſtra- 
ta; this matter is diſpoſed generally in ſmall hollow 
cylinders, irregularly grouped and formed by wa- 
ters dropt at the foot of mountains, or on the ſlope of 
hills, which contain beds of marl or ſoft and cal- 
cinable ſtone ; the total maſs of theſe cylinders, which 
make one of the ſpecific characters of this kind. of 
tuf, is either oblique or vertical, according to the di- 
rection of the ſtreams of water which form them, 
Theſe ſort of paraſite quarries have no continuation ; 
their extent is very confined in compariſon of the 
common quarries, and proportionate to the height of 
the mountains which furnith them with the matter of 
their growth. The tuf every day receiving lapidi- 
fic juices, thoſe ſmall cylindrical columns between 
which intervals are left, cloſe at laſt, and the whole 
becomes one compact body; but this matter often 
acquires the hardneſs of ſtone, and is what Agricola 
terms Marga tofacea fiſtuloſa. In this tuf is generally 
found a quantity of impreſſions of leaves of trees and 
plants, like thoſe which grow in the environs : ter- 
reftrial ſhells alſo are often met with, but never an 
of the marine kind. The tuf is certainly therefore a 
new matter, which muſt be ranked in the claſs of 
ſtalactites, incruſtations, &c. all theſe new matters 
are kinds of paraſite ſtones, formed at the expence of 
the reſt, but which never arrive at true petrifica- 
tion. 


Chryſtal, 
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Chryſtal, precious ſtones, and all thoſe which have 
a regular figure, even ſmall flints formed by con- 
centrical beds, whether found in perpendicular cavi- 
ties of rocks, or elſewhere, are only exudations of 
large flints, concrete juices of the like matters, new 
paraſite ſtones, and real ſtalactites of flint or rock. 

Shells are never found either in rock, granate, or 
gres, at leaſt I have never ſeen them there, although 
they are very often met with in vitrifiable ſand, from 
which theſe matters derive their origin, which ſeems 
to prove that-ſand cannot unite to form gres or rock 
but when it is pure, and that if it is mixed with ſub- 
ſtonces of another kind, as ſhells are, this mixture of 
parts which are heterogeneus to it, prevents the 
union. I have obſerved theſe little pebbles which 
are often found in beds of ſand, mixed with ſhells, 
but never found any ſhell therein : theſe pebbles are 
real pres,  concretions formed in the ſand in the 
places where it is not mixed with heterogenous mat- 
ters, which oppoſe the formation of bands or other 
maſſes larger than theſe. 

We have before ſaid, that at Amſterdam, which 
is a very low country, ſea ſhells have been. found at 
100 feet depth below the earth, and at Marly-la- 
ville, 6 miles from Paris, at 75 feet, we likewiſe 
meet with the ſame at the bottom of mines, and in 
banks of rocks, beneath a height of tone 50, 100, 
200, and 1000 feet thick, as 1s eaſy to be remarked 
in the Alps and Pyrenees. We have only narrowly 
to inſpect, and we ſhall find in the lower beds ſhells 
and other marine productions. But to proceed in 
order, we find on the mountains of Spain, the Py- 
renees, the mountains of France, or thoſe of Eng- 
land, in all the marble quarries of Flanders, in the 
mountains of Guelders, in all hills around Paris, 
Burgundy, and Champagne; in one word, in every 
part where the depth of ſoil is not gres or tuf ; and 


in moſt of thefe places there is almoſt more ſhells. 


than 
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other matters in the ſtones. By ſhells L not only 
underſtand the wrecks of ſhell! fiſh, but thoſe oi 
cruftaceous, and alſo all productions of ſea in- 
fects, as coral, madrepores, aftroites, &c. I can 
aſſert, and we may be convinced by inſpection, 
that in moſt calcinable ſtone and marble, there is ſo 
great a quantity of theſe marine productions that they 
appear in volume to ſurpaſs the matter which unites 
them. | 8 | 

But let us proceed; we met with theſe marine 
productions, even above the higheſt mountains; for 
example, on Mount Cenis, in the mountains of 
Genes, in the Apennine, and in moſt of the ſtone 
and marble quarries in Italy. In the ftones of the 
moſt antient edifices of the Romans. In the moun- 
tains of Tirol, and in the center of Italy, on the 
fummits of mount Paternus, near Bologne ; and in 
thoſe parts where that luminous ſtone, called Bolog- 
nian ftone is produced, in the hills of Calabria, in 
many parts of Germany, and Hungary, and gene- 
rally in all the high parts of Europe. On this ſubject 
fee Stenon, Ray, Woodward, and others. 

In Afia and Africa, travellets have remarked them 
in ſeveral parts; for example, on the mountains of 
Caftravan above Barut, there is a bed of white 
ſtone as thin as ſlate, each leaf of which contains a 
great number and diverſity of fiſhes ; they are for 
the moſt part very flat, and compreſſed, as is the 
foſſil fern, but they are notwithſtanding ſo well 
preſerved, that the ſmalleſt traces of the fins, ſcales, 
and all the parts which diſtinguiſh each kind of fiſh, 
are perfectly viſible. : 

So likewiſe we find many ſea muſcles, and petrified 
ſhells between Suez and Cairo, and on all the hills 
and eminences of Barbary. The greateſt part are 
conformable to the kinds actually caught in the Red 
ſea, (See Shaw's voyages, Vol. 11, page 70, and 
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14) In Europe we meet with petrified fiſn in Swe- 
den and Germany, in the quarry of Oningen, &c. 

The long chain of mountains, ſays Bourquet, 
which extends from eaſt to weſt, from the extre- 
mity of Portugal to the moſt eaſtern parts of China, 
thoſe which extend colaterally from north to ſouth, 
the mountains of Africa and America, the vallies 
and plains of Europe, all incloſe ſtrata of earth, 
and ſtones filled with thell fiſh, and from hence we 
may conclude the ſame of all the other parts of the 
world unknown to us. 

The iſlands of Europe, Aſia, and America, 
where the Europeans have had an opportunity to 
dig, whether in mountains or plains, furniſh ſhells 
which evince that they have that in common with 
the bordering continents. 

Here then is ſufficient to prove, that ſed ſhells, 
petrified fiſh, and other marine productions, are to 
be found in almoft every place we are diſpoſed to 
ſeek them. 

* It is certain (ſays an Engliſh author, (Tancred 
Robinton) that there has been ſea ſhells diſperſed 
here and there on the earth by armies, inhabitants 
of towns and villages, and that Loubere relates in 
his travels to Siam, that the monkies of the Cape 
of Good Hope continually amuſe themſelves with 
carrying ſhells from the ſea ſhore to the tops of the 
mountains, but that cannot reſolve the queſtion, why 
theſe ſhells are diſperſed over all the earth, and 
even 1n the interior parts of mountains, where the 
are depoſited in beds at the bottom of the ſea.” 

By reading an Italian letter on the changes hap- 
pened to the terreſtrial globe, printed at Paris this 
year 1746, I expected to find this circumſtance rela- 
ted there by Loubere ; it perfectly agrees with this 
author's ideas. Petrified fiſh, according to his opi- 

nion, are only fiſh, rejected by the Roman table 


becauſe they were nct freſh, and with reſpet 
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to ſhells, he ſays the pilgrims of Syria brought, du- 
ring the times of the Cruſades, thoſe of the Levant 
Sea, into France, Italy, and other Chriſtian ſtates: 
why has he not added that it was the monkies who. 
tranſported the ſhells to the tops of the mountains, 
and in every place where men cannot dwell ; this 
would not have ſpoiled, but rendered his explana- 
tion ſtill more probable. How comes it that enlight- 
ened perions, who pique themſelves even on philo- 
ſophy, have nevertheleſs ſuch abſurd ideas on this 
ſubject? We ſhall not therefore content ourſelves 
with having ſaid, that petrified ſhells are found in 
almoſt every part of the earth, which has been dug; 
nor with having related the teſtimonies of authors of 
natural hiſtory ; for as it might be ſuſpected, that 
with a view of ſome ſyſtem, they perceived ſhells 
where there was none, we think it our dut 
ſtill to quote travellers, who have remarked them 
accidentally, and whole fight, not ſo well accuſtomed 
to theſe matters, have only diſcovered whole and 
well-preſerved ſhells; their teſtimony will perhaps be 
of a ſtil] greater authority with people who have it 
not in their power to be aſſured of the truth of theſe 
facts, and of thoſe who know neither ſhells nor pe- 
trifications, and who not being in a ſtate to compare 
them, might ſuſpect that theſe petrifications were 
real ſhells, and whether theſe ſhells are found heaped 
up in millions throughout the whole carth. 

All the world may ſee the banks of ſhells in the 
hills, in the environs of Paris, eſpecially in the 
quarries of ſtone, like thoſe at Chauſſẽe, nigh Seve 
at Ifly, Paſly and elſewhere, We find a great quan- 
tity of lenticular ſtones at Villers-Cotterels ; theſe 
rocks are entirely formed thereof, and they are blend- 
ed without any order with a kind of ſtony mortir, 
which binds them together. At Chaumont ſo great 
a quantity of petrified ſhells are found, that the 
hills appear to be compoſed of nothing elſe. It is the 
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ſame at Courtagnon, near Rheims, where the banks 
of ſhells is near four miles broad by many long. I 


quoted theſe places as being famous, and ſtriking the 


eyes of every one. 


With reſpect to foreign countries, here follows 
the obſervations of ſome travellers. 

In Syria and Phenicia, the ſtone which ſerves 
as a baſis to the rocks in the neighbourhood of La- 
tikee, is ſurmounted with a kind of ſoft chalk, and 
it is perhaps from thence that the city has taken the 
name of the 'white promontory. Nakoura, anciently 
termed Scala Tyricrum, or the Tyrians Ladder, is 
nearly of the ſame nature, and we ſtill find there, by 
digging, quantities of all forts of ſhells, corals, &c. 
(See Shaw's travels.) 

On mount Sina we find only a few foſſil and other 
ſhells the marks of the deluge, at leaſt if we do not 
rank the foſſil Tamarin of the neighbouring moun- 
tains of Siam among this number, perhaps the firſt 
matter of which their marble is formed, had a cor- 
roſive virtue not proper to preſerve them. But 
at Corondel, where the rock approaches nearer 
our ſtone, I find many ſhells, as allo a very 
fingular ſea muſcle, of the kind called Hhatagi, 
but clofer and rounder, The ruins of the little vil- 
lage Ain el Mouſa, and many canals which conduct 
the water thereto, furniſh foſhl ſhell fiſh. The an- 
cient walls of Suez and what yet remains of its an- 
cient part have been conſtructed of the fame materi- 
als which ſeem to have been taken from a like part. 
Between, as well as on all the mountains, eminen— 
ces and hills of Lybia which are not covered with 
ſand, we meet with a great quantity of ſea weed, as 
well as vivalvous ſhelis, and of thoſe which termi- 
nate in a point, moſt of which are exactly confor- 
mable to the kinds at preſent caught in the red ſea, 

The moving ſand in the neighbourhood of Ras 
Sem, in the kingdom of Barca, cover many palm 


trees 
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trees with petrifications. Ras Sem ſignifies the head 
of a fiſh, and is what we term the petrified Village, 
where it is ſaid, men, women and children are found 
in ſeveral poſtures and attitudes, who with their cat- 
tle, aliments and goods, have been converted into 
ſtone ? but excepting theſe monuments of the deluge, 
which are here ſpoken of, and which are not particu- 
lar to this part, all the reſt of it are vain tales and 
fables, all which I have not only learnt from M. le 
Maire, who at the time he was conſul at Tripoly, 
ſent ſeveral perſons thither to take cognizance of it ; 
but alſo from very reſpectable perſons who had been 
at thoſe places. | | 

Before the pyramids certain pieces of ſtone, work- 
ed by the ſculptor are to be found, and among 
theſe ſtones many rude ones of the figure and ſize of 
lentils ; ſome even reſemble barley ; now it is ſaid, 
they are the remains of what the workmen ate, which 
does not appear probable, &c. Theſe lentils and 
barley are petrifications of ſhells called by naturaliſts 
the centicular ſt ne. 8 

Several ſorts of theſe ſhell fiſh which we have ſpo- 
ken of, are found in the environs of Maeſtricht, ctpe- 
cially towards the village of Zicken or Tichen, and 
at the little mountain called Hans. In the environs 
of Sienna, I have found near Ceraldo, (according 
to the advice you gave me) many mountains of ſand 
all crammed with divers ſorts of ſhells. Montema- 
rio, a mile from Rome, is entirely filled with them; 
I have ſeen them in France and elſewhere. Olearius, 
Steno, Camden, Speed and a number of other au- 
thors, as well ancient as modern, relate the ſame 
phenomena. 

6 The iſland of Cerigo was anciently called Por— 
Phyris, from the quantity of porphyry which was ta- 
ken out of it. (Theverr, vol. i. p. 25. 

* Oppoſite the village of Inchena, and on the 
caſtern thore of the Nile, I found petrified eren 
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which grew naturally in a ſpace about two miles 
long, by a very moderate breadth; this is one of 
the moſt ſingular productions of nature. Theſe 
plants reſemble the white coral found in the red ſea.” 
(Voyage of Paul Lucus, vol. 11, page 380.) 

We meet with petrifications of diverſe kinds, on 
Mount Libanus, and among others flat ſtones, where 
the ſkeletons of fiſh are found well preſerved and en- 
tire, and alſo red fea cheſnuts, with ſmall grains of 
coral of the ſame fea.” 

«© On Mount Carmel we find a great quantity of 
ſtone, which, as is aſſerted, have the figure of me- 
lons, peaches, and other fruit, which are common- 
ly ſold to pilgrims, not only as mere curioſities, but 
alſo as remedies againſt many diſorders. The olives 
which are the /apides judaici, are to be met with at 
the druggiſts, and have always been looked upon as 
a ſpecific for the ſtone and gravel.” 

6 M. la Roche, M. D. gave me ſome of theſe 
petrified olives, which grew in great plenty in theſe 
mountains, where I am told are found other ſtones, 
the infide of which perfectly reſemble the natural 
parts of men and women. Theſe are Hyſterolithes. 

* In going from Smirna to Tauris, when we were 
at Tocat, ſays Tavenier, the heat was ſo great, as 
obliged us to quit the common road, to gain the 
mountains where there 1s conſtantly ſhade and re- 
freſhing air. In many places we found ſnow and a 
quantity of very fine ſorrel, and on the top of ſome 
of thoſe mountains we found ſhells iike as on the 
ſea ſhores, which was very extraordinary.” 

Here follows what Olearius fays on the ſubject of 
petrified ſhells, which he remarked in Perſia, and in 
the rocks where the ſepulchres are cut out near to 
the village of Pyrmaratus. 

We were three in company that aſcended to the 
top of the rock by frightful precipices aſſiſting each 
other; we found three or four large chambers, and 
within, many niches cut in the rocks to ſerve for 


beds. 
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beds. But what the moſt ſurprized us, was to find 
in this vault on the top of the mountain, muſcle 
ſhells, in ſome places in ſuch great quantities, 
that the whole rock appeared to be compoled only of 
ſand and ſhells. ' Returning to Perſia, we perceived 
many of theſe mountains and ſhells along the Catpian 
few.” 

To what has been related I could ſubjoin many 
other quotations which I ſupprets, not to tire thoſe 
who have no need of ſuperabundant proofs, and 
who are convinced by their fight, as well as me, of 
the exiſtence of theſe ſhells wherever we chuſe to ſeek 
for them, 

In France we not only find the ſhells of the French 
coaſt, but alſo ſhells which have never been ſeen in 
thoſe ſeas. There are even naturaliſts who afiert, that 
the quantity of theſe foreign petrified ſhells is much 
greater than thoſe of our climate; ; but I think this 
opinion misfounded, for independent of the fhell 
fſn which inhabit the bottom of the ſea, and of 
thoſe which are difficult to fih for and which conſe— 
quently may be looked on as unknown or even fo- 
reign, although they might be bred in our ſeas ; I 
ſee in the whole, that by comparing the petrificati- 


ons with the living analogous animals, there is more 


of thoſe of our. coaſts than of others: for example, 
moſt of the cockle kind, muſcles, oyſters, aſtroits, 
corals, madrepores, &c. found petrified | in ſo many 
places, are certainly the productions of our ſeas, and 
although there is found a great number of lenticular 
and Judaic ſtones, the columnites, the vertebra's of the 
great ſtarfiſh and fevers! other petrifications, whoſe 
living analogies are foreign or unknown; Iam convin- 
ced from my obſervations, that the number of theſe 
kinds is ſmall in compariſon of that of the petrified 
ſhells of our coaſts : beſides, what compoſes the bot- 
tom of our marble and almoſt all our ſtone ; but 
Madripores, Aſtroites and all thoſe other producti— 
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ons which are formed by fea inſects, and formerly 
called marine plants; ſhells however abundant, form 
only a ſmall volume in compariſon of theſe produc- 
tions, which are all originated from our ſeas, and 
particularly in the Mediterranean. 

Of all the ſeas the red ſea produces corals, ma- 
drepores and marine plants in the greateſt abund- 
ance : there is perhaps, no part that furniſhes a 
greater variety than the port of Tor, In calm wea- 
ther, ſo great quantity of theſe plants preſent them- 
ſclves, that the bottom of the ſea reſembles a foreſt. 
There are branched madrepores eight or ten feet 
high, we find many in the mediterranean fea, at 
Marſeilles, near the coaſts of Italy and Sicily. There 
are allo in great quantity in moſt of the gulphs of 
the ocean, around lands, on banks, and in all 
temperate climates where the ſea is but of a moderate 
depth. 

Peyſſonel was the firſt who obſerved and diſcover- 
ed that corals, madrepores, &c, owed their origin to 
animals, and were not plants as ſuppoſed, and as 
their form and growth ſeem to indicate the obſerva- 
tion of M. Peytlonel, was in fact a long time doubt- 
ed of: ſome naturaliſts too prejudiced with their 
own opinions, at firſt even rejected it with a kind of 
diſdain ; nevertheleſs they have been obliged fince, 
to acknowledge the diſcovery of M. Peyſſonel, and 
the whole world is at length of opinion, that theſe 
ſuppoſed marine 3 are nothing elſe than hives 
or cells for ſmall animals which reſemble ſhell fiſh in 
their forming like them, a great quantity of ſtony 
matter, in which they dw el, as fiſh do in their ſhells. 
Thus marine plants, which at firſt were placed in 
the claſs of minerals, have ſince paſſed into that of 
vegetables, and at laſt remained fixed in that ot 
animals, 

There are ſhell fiſh which live at the bottom of 
the ſea, and never caſt on the thore : authors call 

them 
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them Pelcgiz, to diſtinguiſh them from others which 

they call Lizrerates. It is to be ſuppoled the cor- 
nus animon, and ſome other kinds that are found 
petrified, and to which living analogies have not 
been found, always remain at the bottom, and that 
they are filled with the ſtony ſediment in che place 
they are in. There might alſo have been certain 
animals, whoſe ſpecies are periſhed, of which num- 
ber this ſhell fiſh might be ranked. The extraordi- 
nary foſſil bones found in Siberia, Canada, Ireland, 
and many other places, ſeems to confirm this con- 
jecture, for no animal has hitherto been known that 
we can attribute ſuch bones to, which are for the 
moſt part of an unmeaſurable fize. 

Theſe ſhells are met with from the top to the bot- 
tom of quarries ; we ſee them allo in much deeper 
Pits : there are ſome at the bottom of the pits of 
Hungary ; they are found a thouſand feet deep in 
the rocks, which border the ifle of Calda, and in 
Pembrokeſhire in England. | 

Petrified ſhells are not only formed at great 
depths, and at the bottom of the higheſt mountains, 
but there are ſome met with whoſe nature is not 
changed; and which have the gloſs, colours, and 
lightneſs of ſea ſhells ; gloſſopetres, and other teeth 
of fiſh are found in their jaws, and to convince our- 
ſelves of this matter entirely, we have only to look 
on the ſea and land ſhell, and compare them. There 
is no perſon who after even a flight examination, can 
doubt that theſe foſſil and petrified ſhells, are not 
the ſame as thoſe of the ſea; the ſmalleſt articula- 
tions are remarked, and even the pearls tha: the li- 
ving animals produced: the teeth of the fiſh are re- 
marked to be more ſmooth, and uſed at the extre- 
mity, and that they have been made uſe of when 
the animal was alive. 

We alſo almoſt every where on land meet with 


ſhell fiſh of the fame kind, ſome of which are ſmall, 


others 
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others large, ſome young, others old; ſome imper- 
fe, others extremely perfect; and we likewiſe ſee 
ſmall and young fiſh adhering to the large. 

The ſhell fiſh called Purpura has a very long 
tongue, the extremity of which is bony and 
ſharp, it ſerves it to pierce the ſhells of other 
"fiſh, and to feed on the fleſh; we commonly find 
ſhells in the earth pierced in this manner, which is 
an inconteſtable proof that they formerly encloſed 
living fiſh, and that theſe fiſh dwelt in thoſe parts 
where there was the Purpura, which fed on them. 

The obeliſks of Saint Peter at Rome, Saint John, 
de Latran, of the ſquare Navon e, came, as is 
ſaid from the pyramids of Egypt 3 they are of red 
granite, which 1s a kind of rock ftone of very hard 
gres; this matter, as I have obſerved, contains no 
thells but the African and Egyptian marble, and 
the porphyry that has been cut from the temple of 
Solomon, and the palaces of the kings of Egypt ; 
and that has been uſed at Rome in different parts, 
are filled with ſhells : the red porphyry is compoſed of 
an infinite number of ſpots, which we call the ourſin, 
or ſea cheſnut : they are placed pretty near each other, 
and form all the ſmall white ſpots which are in this 

rphyry. Each of theſe white ſpots has a ſmall 

Plak one in its center, which is the ſection of the 
longitudinal paſſage of the point of the ourſin. 
At a place called Fucin, three miles from Dijon, 
in Burgundy, is a red ſtone, perfectly ſimilar in its 
compoſition to porphyry, and which differs from it 
only in hardneſs; very beautiful pieces of workman- 
ſhip have been made of it in this province, and par- 
ticularly the ſteps of the pedeſtal of the equeſtrian 
ſtatue of Louis le Grand, which is in the royal ſquare 
at Dijon. This ſtone is not the only one of the 
kind which I know. In the province of Burgundy, 
near Belfaſt, there is a conſiderable quarry of 
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ſtone like porphyry, but not ſo hard as marble. This 


ſoft porphyry is compoſed like the hard. 


With reſpect to what the curious call green por- 
phyry, I rather ſuppoſe it to be a granate than a 
porphyry ; it is not compoſed of ſpots like the red 
porphyry, and its ſubſtance appears to me to be 
fimilar to that of a common granate. In Tuſcany, 
in the ſtone with which the antient walls of Volatera 
were built, there is a great quantity of ſhell fiſh, and 
this wall was built 2500 * ago. Moſt antique 
marble, porphyry, and other ſtones of the moſt an- 
cient monuments contain therefore ſhells, and other 
wrecks of marine productions, as well as the marble 
we at preſent take from the quarry. Therefore, it 
cannot be doubted, independent even of the ſacred 
teſtimony of holy writ, that before the. deluge the 
earth was compoſed of the ſame matter as it is at 
preſent. | 

From all what has been ſaid, we may be aſſured, 
that petrified ſhell fiſh are found in Europe, Aſia, 
and Africa, in every place where chance has led 
obſervers of nature: it 1s alſo found in America, 
Brafil, Tucuman, the Magellanic land, and in ſuch 
a great quantity in the Antilles, that below the cul- 
tivable land, the bottom which the inhabitants call 
la Chaux, is nothing elſe than a compoſition of ſhells, 
madrepores, aſtroites, and other productions of the 
fea. Theſe obſervations, which are certain, would 
have made me think that there are ſhells, and other 
petrified marine productions in the greateſt part of 
the continent of America, and eſpecially in the 
mountains as Woodward aſſerts; nevertheleſs M. 
Condamine, who was ſeveral years at Peru, has aſ- 
ſured me that he had not feen any in the Cordil- 
liers; that he had ſought for them in vain, and that 
he did not imagine there was any : and this exception 
would be fingular, and the conſequences that might 
be drawn from it, would be ſtill more ſo; but I 

own 
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own, that in ſpite of the teſtimony of this cele Mat 


naturaliſt, I ſhall have doubts, and am very much 
inclined to ſuppoſe, that in the mountain of Peru as 
well as elſewhere, there are ſhells, and other marine 
petrifications, but that he did not perceive them. 
It is well known, that in matter of teſtimonies, two 
politive witneſſes who aſſert to have ſeen a thing, is 
ſufficient to make a complete proof; whereas a 
thouſand and ten thouſand negative witneſſes, and 
who only aſſert not to have ſeen a thing, can only 
raiſe a ſlight doubt thereon : It is for this reaſon, 
and from the ſtrength of analogy which conſtrains 
me, that I perſiſt in thinking that thells are to be 
found on the mountains of Peru, as they are found 
elſewhere, eſpecially if we ſearch for them on the 
riſe of the mountain, and not at the ſummit, 

The higheſt mountains are generally compoſed at 
top of rock, None, granate, and other vitrifiable 
matters, which contain only few or no ſhells. All 
theſe matters are formed in the beds of the ſand of 
the ſea, which covered the tops of theſe mountains. 
When the ſea left them bare, the ſand fell into the 
plains, where they were carried by the rain, ſo that 
there remained only rocks on the tops of mountains 
which were formed in the interior parts of theſe beds 
of ſand. At two, three, or four hundred fathom 
lower than the top of theſe mountains, are often found 
Imatters quite different from thoſe of the ſummit ; 
that is to ſay, ſtone, marble, and other calcinable 
matters, which are diſpoſed in parallel ftrata, and 
contain ſhells and other marine productions, 
Therefore it is not ſurprizing that M. de la Conda- 
mine did not find any thells on theſe mountains, eſ- 
pecially if he fought for them in the higher parts of 
thoſe mountains which are compoſed of rock, 'gres; 
or vitrifiable ſand ; but below thoſe beds of fand, 
and thoſe rocks which form the ſummit, there muſt 
be tome in the Cordilliers, as in all other mountains, 
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rizontal ſtrata of ſtone, marble, earth, &c. where 
ſhells are to be met with; for in every country 
where obſervations have been made, they have al- 
ways been met with in theſe ſtrata. 
But let us for a moment ſuppoſe this circumſtance 
to be true, and that in fact there is no marine pro- 
ductions in the mountains of Peru, all that may be 
concluded from it will no ways affe& our theory; 
and it might poſſibly have happened, that theie is 
part of the globe which never has been under 
water, eſpecially ſuch parts as the Cordilliers are; 
but in this caſe, there might be ſome beautiful ob- 
ſervations made on thoſe mountains, for they would 
not be compoſed of parallel ſtrata as the reſt are: 
the matter alſo would be very different from thoſe 
we are acquainted with; there would not be per- 
pendicular cracks, the compoſition of the rocks and 
ſtones would not at all reſemble the compoſition of 
the rocks and ſtones of other countries, and at laſt 
in theſe mountains we ſhould find the antient ftruc- 
ture of the carth, ſuch as it originally was before it 
was Changed and altered by the motion of the wa- 
ters: we ſhould ſee the firſt Nate of the globe in 
theſe climates, the old matters of which it was com- 
poſed, the form, the bond, and the natural ar- 
rangement of the earth, &c, but this is too much to 
expect, and on too light foundations; and I think 
we ought to confine ourſelves to ſuppole that ſhells 
are to be found there as well as elſewhere. 
With reſpe& to the manner in which theſe ſhells 
are diſpoſed and placed in the ſtrata of earth or ſand, 
Woodward writes as follows: “ All ſhell fiſh which 
are met with in an infinity of ſtrata of earth, and 
banks of rocks, on the higheſt mountains, and in 
the deepeſt quarries and mines, in flints, &c. &c. in 
maſſes of ſulphur, marcaſites, and other metallic 
and mineral matters, are nlled of the matter itſelf, 
which form the banks, or ſtrata, or the maffes 
Which 
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which include them, and never any heteroge- 
neous matter, page 206, &c. The ſpecific 
weight or different kinds of ſand differ but 


very little, being generally with reſpect to water 
as 25 or 22. to 1, and the muſcle ſhells, which 


are nearly of the ſame weight, are generally 
formed therein in great number, whereas 1t 1s very 
rare to meet with oyſter ſhells, whoſe ſpecific weight 


is but as 25 to 1; of ſea cockles, whoſe weight is 


but as 2 or 2.5 to one, or other ſorts of lighter 
ſhells ; But on the contrary in chalk, which is 


lighter than ſtone, being to water but as 275 to 1, 


2 find only cockle, and other kinds of lighter 
ells. 

It muſt be remarked, that what Woodward ſays 
in this place, muſt not be looked upon as a gene- 
ral rule, for we find lighter and heavier ſhells in 
the ſame matters; for example, petoncles, oyſters, 
&c. in the ſame ſtones and earth, and even 
in the Royal cabinet, may be ſeen a petrfiied 
muſcle in cornaline, &e. therefore the ſpecific weight 
of the ſhells has not influenced ſo much as Woodward 
ſuppoſes, their poſition in the earth, and the true 
reaſon why ſuch light ſhells are found more abun. 
dantly in chalk, is, that chalk is only the ruinated 
part of ſhells, and that thoſe of the ourſin being 
lighter, leſs thick, and more friable than the reſt ; 
they have been eafily reduced into powder. and 
chalk, ſo that ſtrata of chalk are only met with in 
the places where formerly a great abundance of 
theſe light ſhells at the bottom of the fea, where 
walte have formed chalk, in which we find thoſe 
which having reſiſted the frictions, &c. are pre- 
ſerved entire, or at leaſt in parts large enough not 
to be diſcovered. 

But 
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But this is treated more fully in our diſcourſe on 
minerals, let us then here content ourſelves with 
faying, that a modification muſt be given to Wood 
ward's expreffions ; he ſeems to ſay that ſhells are 
to be found in flints, cornaline, in mines, maſſes of 
ſulphur, as often, and in as great a number as in 
other matters : whereas, the truth is, that they are 
very rare in all vitrifiable or purely inflammable 
matters: and on the contrary, are in prodigous 
abundance in chalk, marl, marble, and ſtone, in- 
fomuch that we do not here abſolutely pretend to 
ſay, that the lighteſt ſhells are in the lighteſt mat- 
ters, and vice verſa, but only that in general they are 
oftener found ſo than otherwiſe. In fact, they are 
all equally filled with the fubſtance which ſurrounds 
them, as well thoſe found in horizontal ſtrata as 
thoſe found in a ſmaller number, in matters which 
All up the perpendicular cracks, becauſe, in fact, 
both have been equally formed by the waters, al- 
though at differcnt times and in different manners. 
The horizontal ſtrata of ſtone, marble, &c. having 
being formed by the great motion of the waves, 
and flints, and all matters which are in the 
perpendicular cracks, having been produced by the 
particular motion of a ſmall quantity of water, load- 
ed with lapadific metallic juices, &c. and in both 
caſes thefe matters were reduced into a fine and im- 
palpable powder, which has filled the ſhells ſo fully 
and abſolutely, as not to have left the leaſt va- 
cuum, | 
There is therefore in ſtone, marble, &c. a great 
multitude of ſhells which are whole, beautiful and 
fo little changed, that they may be eafily compared 
with the ſhells preterved in cabinets, or found on the 
ſea ſhores. They are preciſely of the ſame figure 
and fize; of the ſame ſubſtance, and their tiſſue the 
ſame ; the particular matter which compoles them 
| is 
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is the ſame, diſpoſed and arranged in the ſame mar- 
ners, the direction of their fibres and ſpiral lines 
are the ſame, the compoſition of the ſmall lama, 
formed by the fibres is the ſame in the one as the 
other; we ſee in the ſame part, veſtiges or inſerti- 
ons of the tendons, by means of which the animal 
was faſtened and joined ta its ſhell ; we ſee the ſame 
tubercles, ſtria and pipes; in ſhort the whole is 
alike, whether within or without the ſhell, in its ca- 
vity or on its convexity, in its ſubſtance or on its 
ſuperficies : in other reſpects theſe foſſil ſhell fiſh are 
ſubje& to the ſame common accidents as thoſe of 
the ſea ; for example, the leaſt are adherent to the 
large ; they have vermicular conduits, pearls are 
found therein , and other fimilar matters which have 
been produced by the animal when it inhabited its 
ſhell ; their ſpecific gravity 1s exactly the ſame as 
that of their kind found actually in the ſea, and by 
chemiſtry, we meet with the ſame matters therein ; 
in a word, they exactly reſemble thoſe of the ſea. 
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But this is treated more fully in our diſcourſe on 


minerals, let us then here content ourſelves with 


ſay ing, that a modification muſt be given to Wood- 
ward's expreffions; he ſeems to ſay that ſhells are 
to be found in flints; cornaline, in mines, maſſes of 
ſulphur, as often, and in as great a number as in 
other matters : whereas, the truth is, that they are 
very rare in all vitrifiable or purely inflammable 
matters: and on the contrary, are in prodigous 
abundance in chalk, marl, marble, and ſtone, in- 
ſomuch that we do not here abſolutely pretend to 
ſay, that the lighteſt ſhells are in the lighteſt mat- 
ters, and vice verſa, but only that in general they are 
oftener found ſo than otherwiſe." In fact, they are 
all equally filled with the ſubſtance which ſurrounds 
them, as well thoſe found in horizontal ſtrata as 
thoſe found in a ſmaller number, in matters which 
All up the perpendicular cracks, becauſe, in fact, 
both have been equally formed by the waters, al- 
though at different times and in different manners. 
The horizontal ſtrata of ſtone, marble, &c. having 
being formed by the great motion of the waves, 
and flints, and all matters which are in the 
perpendicular cracks, having been produced by the 
particular motion of a ſmall quantity of water, load- 
ed with lapadific metallic juices, &c. and in both 
caſes thefe matters were reduced into a fine and im- 
palpable powder, which has filled the ſhells fo fully 
and abſolutely, as not to have left the leaſt va- 
cuum, 
| There is therefore in ſtone, marble, &c. a great 
multitude of ſhells which are whole, beautiful and 
fo little changed, that they may be eafily compared 
with the ſhells preterved in cabinets, or found on the 
ſea ſhores. They are preciſely of the ſame figure 
and ſize; of the ſame ſubſtance, and their tiſſue the 
ſame ; the particular matter which compoſes them 
| 18 
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is the ſame, diſpoſed and arranged in the ſame mar- 
ners, the direction of their fibres and ſpiral lines 
are the ſame, the compoſition of the ſmall lama, 
formed by the fibres is the fame in the one as the 
other; we ſee in the ſame part, veſtiges or inſerti- 
ons of the tendons, by means of which the animal 
was faſtened and joined to its ſhell ; we ſee the ſame 
tubercles, ſtria and pipes; in ſhort the whole is 
alike, whether within or without the ſhell, in its ca- 
vity or on its convexity, in its ſubſtance or on its 
ſaperficies : in other reſpects theſe foſſil ſhell fiſh are 
ſubject to the ſame common accidents as thoſe of 
the ſea ; for example, the leaſt are adherent to the 
large ; they have vermicular conduits, pearls are 
found therein , and other fimilar matters which have 
been produced by the animal when it inhabited its 
ſhell ; their ſpecific gravity is exactly the ſame as 
that of their kind found actually in the fea, and by 
chemiſtry, we meet with the fame matters therein 
in a word, they exactly reſemble thoſe of the ſea. 
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